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วนิดา วงศสัมพันธชัย: กระบวนการตอสายยาวของกรดไขมันในเมทิลโลโทรฟกยีสต 
!"#$%#&'"!)*'+,*-)."!&32!4567!และสายพันธุกลายชนิดที่ตองการกรดไขมัน.!!
]"#$$%! #&'(! )*+,-#$'+,! ',! .)$/%*+$0+1/'&! %)#2$!
!"#$%#&'"( )*'+,*-)."! &32! 4567! #,(! "#$$%! #&'(! #89+$0+1/'&!
.8$#,$2^!อ. ที่ปรึกษา: รศ.ดร. อมร เพชรสม, อ.ที่ปรึกษารวม: ดร. ศรินทิพ  อานาม
นารถ 124 หนา. ISBN 974-17-5913-4 

!
! ไดแยกสายพันธุกลายชนิดท่ีตองการกรดไขมัน (V1 ถึง V10) ของ Hansenula polymorpha จากการกลายพันธุของ wild-type โดยใช
สารเคมี ethyl methanesulfonate (EMS) เม่ือทําการเพาะเล้ียงสายพันธุกลาย พบวา ทุกสายพันธุกลายท่ีคัดเลือกไดไมสามารถเจริญไดบนอาหาร 
YEPD หลังจากการปมดวยเพลทตนแบบของ YEPD ที่เสริมดวยกรดไขมันผสมของ C14:0 C16:0 และ C18:0 ที่มีความเขมขนอยางละ 1 mM 
เพ่ือท่ีจะจัดจําแนกกลุมของสายพันธุกลายจึงไดทําการศกึษาการเจริญบนอาหารท่ีเสริมดวย กรดไขมันชนิดตางๆ ไดแก C14:0 C16:0 และ C18:0 
ที่ความเขมขน 1 mM และ/ หรือ 2 mM ผลการศกึษาพบวาสามารถจัดจําแนกสายพันธุกลายได 3 กลุม ซ่ึงมีการแสดงฟโนไทป ท่ีตางกัน โดย
กลุมท่ีหน่ึงมี 6 สายพันธุกลาย (V1 ถึง V6) ซ่ึงไมสามารถเจริญบนอาหารแข็งที่เสริมดวย 1 mM ของ C16:0 อยางไรก็ตาม 2 mM ของ C16:0 และ 
1-2 mM ของ C18:0 สามารถชวยเสริมการเจริญของสายพันธุกลายกลุมน้ีได จากผลของกลุมแรกท่ีไมสามารถเจริญไดใน 1 mM ของ C16:0 
แสดงวาสายพันธุกลายกลุมน้ีนาจะมีความบกพรองบางสวนในข้ันตอนของการตอสายยาวของคารบอนจาก C16 ถึง C18 สําหรับกลุมท่ีสอง พบ
วามีเพียง 1 สายพันธุกลาย (V7) ซ่ึงไมสามารถเจริญไดบนอาหารที่เสริมดวย 1 mM ของ C14:0 และเม่ือเล้ียงในอาหารท่ีเสริมดวยกรดไขมันผสม
ของ C14:0 C16:0 และ C18:0 พบวามกีารสะสมของกรดไขมัน C14:0 มากกวา parental strain ท่ีเล้ียงในอาหารสูตรเดียวกัน แสดงวาสายพนัธุ
กลายกลุมน้ี นาจะมีความบกพรองท่ีข้ันตอนของการตอสายยาวของคารบอนจาก C14:0 ถึง C16:0 สวนสายพันธุกลายกลุมสุดทาย (V8 V9 และ 
V10) พบวาไมสามารถเจริญได บนอาหารท่ีเสริมดวย 1 mM ของ C16:0 และ 1 mM ของ C18:0 แตสามารถเจริญไดบนอาหารท่ีตองมี C14:0 
เปนองคประกอบ แสดงวาสายพันธุกลายกลุมนี้นาจะมีความบกพรองที่ขั้นตอนการตอสายยาวของคารบอนที่มีความยาวนอยกวา C14  

จากการผสมสายพันธุระหวางสายพันธุกลายท้ังสามกลุมกับสายพันธุท่ีตองการกรดไขมัน (ura3-1) และทําการคดัเลือกลูกผสมบน
อาหาร minimal medium (MIN) ที่เสริมดวยกรดไขมันผสมของ C14:0, C16:0 และ C18:0 แตไมเติม uracil และบนอาหาร MIN ท่ีเติม uracil 
โดยลูกผสมท่ีไดจากท้ังสามกลุมของสายพันธุกลายไดนําไปใชเปน recipient strain สําหรับขั้นตอนของการทดสอบการ complementation โดย
ยีสตลูกผสมไดถูกทรานสฟอรมดวย plasmid YCpELO1.MOD ท่ีมีลําดับการถอดรหัสของ S-ELO1 โดยมี URA3 เปน selective marker และ 
plasmid YCpGALELO2(U) ท่ีมีลําดับการถอดรหัสของ S-ELO2 โดยมี URA3 และ galactose-inducible GAL promoter เปน selective marker 
เซลลยีสตถูกทรานสฟอรม โดยใชลิเทียม อะซิเตท และคัดเลือกบนอาหาร MIN ที่เสริมดวยกรดไขมัน สําหรับประสิทธิภาพของการ 
ทรานสฟอรมถูกวัดโดยการทํา plating aliquots ของทรานสฟอรมเมนทบนอาหารเล้ียงเช้ือ จากสายพันธุกลายท้ังสามกลุม พบวามีเพียง ELO2 
ทรานสฟอรมเมนท กลุมเดียวท่ีสามารถเจริญไดบนอาหารท่ีไมเสริมกรดไขมัน แตใส galactose โดยประมาณ 15 จาก 150 ทรานสฟอรมเมนท 
ออกแบบเปน VT1 (URA3, FAEI) ท่ีมี ELO2 ถูกคัดเลือกแบบสุมเพ่ือนําไปใชศึกษาลักษณะการเจริญของทรานสฟอรมเมนท VT1 บนอาหาร
แข็งและอาหารเหลวที่เสริมดวยกรดไขมันชนิดตางๆ เปรียบเทียบกับลักษณะการเจริญของ wild-type ผลการศกึษาในทุกสภาวะของการทดลอง
พบวา VT1 มีลักษณะของการเจริญท่ีพบท้ังในอาหารแข็งและอาหารเหลว คลายกับการเจริญของ wild-type นอกจากน้ี จากการเปรียบเทียบ
โครมาโตแกรมของ fatty acid methyl esters (FAMEs) ของ wild-type และ VT1 ท่ีเจริญบนอาหร YEPD และ YEPD ที่เสริมดวยกรดไขมันชนิด
ตางๆ จากการเล้ียงท่ีอุณหภูมิ 37 องศาเซลเซียส เปนเวลา 24 ชั่วโมง พบวามีปริมาณและสัดสวนของกรดไขมันตางๆคลายคลึงกัน 

สําหรับผลการศึกษาท่ีกลาวมาแสดงใหเห็นวา ELO2 ของ S. cerevisiae สามารถชดเชยสวนท่ีบกพรองของสายพันธุกลาย V1 ของ 
H. polymorpha ได ซ่ึงแสดงใหเห็นวามีความบกพรองของกระบวนการผลิตกรดไขมันในสายพันธุกลาย V1 โดยพบวามีความบกพรองบางสวน
อยางนอยคือในข้ันตอนของการตอสายยาวของคารบอน จาก C16 ถึง C18 นอกจากน้ีขอมูลท่ีไดจากการศกึษาน้ีสามารถนําไปใชในการศึกษา
สายพันธุกลายชนิดที่มีความบกพรองตรง elongase เพื่อมุงสูความรูความเขาใจเกี่ยวกับวิถีเมตาโบลิซึมในยีสตนี ้
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*&2+$.2.2#!+-(!,%&+(.2!*&4.2#!'(/0(2*(!&F!+-(!79:=,#(2(7!\-.'!C$'!).#$+(4!.2+&!

+-(! %&':[Y<&"[! '.+('! &2! ,)$'1.4! f6,?"8U! *&2+$.2.2#! #$)$*+&'(M.240*.<)(!

?"8!,%&1&+&%!$24!+-(!>?@6!#(2(!$'!$!'()(*+$<)(!1$%=(%!R^-!-;,&"73!UQQLT!

!

!



! SS!

g!=.24);!,%&5.4(4!F%&1!N%&F7!97!"7!`7!Z7!`.()!RG2.5(%'.+;!&F!?%&2.2#(23!

\-(!B(+-(%)$24'T!

gg! =.24);! ,%&5.4(4! F%&1! N%&F7! ]7"7! ?)(('&2! RG2.5(%'.+;! &F! E-(FF.()43!!!!!!!!

G7`7T!

ggg!?.F+!F%&1!N%&F7!E7!:$%$'-.1$!R^'$=$!G2.5(%'.+;T!

gggg! `.24);! '0,,).(4! F%&1! N%&F7! 67! ]$%+.2! R_0+#(%'! G2.5(%'.+;3!

N.'*$+$C$;3!B797T!

!

01L!!!M?::E!?>5F;!

!!];%.'+.*!$*.4!R6Ud>KT3!")4%.*-3!G7E7"7!

!!];%.'+&)(.*!$*.4!R6Ud>UM∆QT3!B06-(*=3!G7E7"7!

!!N$)1.+.*!$*.4!R6UO>KT3!")4%.*-3!G7E7"7!

!!N$)1.+&)(.*!$*.4!R6UO>UM∆QT3!B06-(*=3!G7E7"7!

!!E+($%.*!$*.4!R6UP>KT3!")4%.*-3!G7E7"7!

!!^)(.*!$*.4!R6UP>UM∆QT3!B06-(*=3!G7E7"7!

!!8.2&)(.*!$*.4!R6UP>@M∆Q3U@T3!B06-(*=3!G7E7"7!

!!αM8.2&)(2.*!$*.4!R6UP>SM∆Q3U@3UAT3!B06-(*=3!G7E7"7!

!

01N!!!,:HG?J8!HO!75>GHHGJ?95;7;!

!!!!!\-(! ,$%(2+$)! '+%$.2! "-#343! &F!(5, ./"0'/1.2&! C$'! ,%&,$#$+(4! &2!fXNW!

$#$%!,)$+(!R",,(24.c![3!B&7!UT!$24!.2*0<$+(4!$+!SL!°6!F&%!S!4$;'7!"!*&)&2;!C$'!

'0',(24(4!.2!UAV!#);*(%&)7!\-(!1.c+0%(!C$'!$)./0&+(4!.2+&!(,,(24&%F!+0<(!$24!

+-(2!'+&%(4!$+!JLK!!°6!02+.)!0'(47!

!

01P!!!*8F5?!?9F!>4@:5Q?:5H9;!

(5,./"0'/1.2&!$0c&+%&,-.*!'+%$.2'!"-#343!$24!#1&643!C(%(!4(%.5(4!F%&1!

6DE! UQLO! RB6f6!dQAT7! [2! $))! (c,(%.1(2+'3! '+%$.2'!C(%(! *0)+.5$+(4! $+! SL! °6!

02)(''! &+-(%C.'(! 2&+(47! \-(! "-#343! '+%$.2! C$'! 0'(4! $'! ,$%(2+$)! '+%$.2! F&%!

#(2(%$+.2#! $24! '*%((2.2#!10+$2+! '+%$.2'7!\-(!#1&643! '+%$.2!C$'! (1,)&;(4! F&%!

*%&''.2#! +-(! ,-(2&+;,(! &F! .2+(%('+7! E+$24$%4! ;($'+! (c+%$*+M,(,+&2(M4(c+%&'(!



! Sd!

RfXNWT! $24! 1.2.1$)! R][BT! R",,(24.c! [3! B&7! @T! 1(4.01! R?)(('&2! $24!

E04<(%;3! UQPPT! C(%(! 0'(4! F&%! #%&C+-! &F! (5, ./"0'/1.2&! C.)4M+;,(! $24! +-(!

10+$2+! '+%$.2'7! \&! '*%((2! +-(! 10+$2+'! 4(F(*+.5(! .2! ()&2#$+.&2! &F! 1(4.01M+&!

)&2#M*-$.2! F$++;! $*.4'3! '$+0%$+(4! F$++;! $*.4'! 6Ud>K3! 6UO>K! $24! 6UP>K!

(10)'.F;.2#! .2! UV! \%.+&2! eMUKK! C(%(! '0,,)(1(2+(4! .2! +-(! 1(4.$! $+! +-(!

*&2*(2+%$+.&2! &F! U! 1]! &%! @! 1]7! E+$24$%4! ;($'+! #(2(+.*'! 1(+-&4'! C(%(!

'0<h(*+(4! F&%! 1$+.2#! $24! ',&%0)$+.&2! $2$);'.'! R"2;$+&2C0! -;, &"73! @KKSi!

E-(%1$2! -;, &"73! UQPOT7! D&+-3! 1$)+&'(M1$)+! (c+%$*+! 1(4.01! R]"XT! $24!1$)+!

(c+%$*+!1(4.01! R]XT! R",,(24.c! [3! B&7! S! $24! d3! %(',(*+.5();T! '0,,)(1(2+(4!

C.+-!'$+0%$+(4!F$++;!$*.4'!C(%(!0'(4!F&%!1$+.2#!$24!.240*+.&2!&F!',&%0)$+.&2!&F!

4.,)&.4!*())'7!\&!.240*.<)(!?"8!,%&1&+(%3!#$)$*+&'(!C$'!+-(2!$44(4!+&!SV!.2+&!

+-(! 1(4.01! C.+-&0+! F$++;! $*.4! F&%! +%$2'F&%1$+.&2! C.+-! ,)$'1.4!

f6,?"8X8^@RGT7!75, 8/")!C$'! *0)+0%(4!&2!8D!1(4.01! R",,(24.c! [3!B&7!AT!

F&%!,%(,$%$+.&2!&F!*&1,(+(2+!*())'!$+!SL!°6!F&%!@d!-!RE$1<%&&=!-;,&"73!UQPQT7!!!!

!

012R! !!!*4:?J895>! :G8?:789:! HO! !"# $%&'(%)$*+! S5:=! 8:=E@!

78:=?98;4@OHG9?:8!T'*,U!T$9?79?G:!,-#+&1K!2PPNU!
!!!!!!!!!!!!!!!]0+$#(2('.'! &F! (5, ./"0'/1.2&! C$'! ,(%F&%1(4! <;! +%($+1(2+! C.+-!

X]E7!\-(!C.)4M+;,(!&F!(5,./"0'/1.2&!R"-#343T!C(%(!.2*0<$+(4!$+!SL!°6!F&%!@d!

-! +&! &<+$.2! #&&4! ,%&).F(%$+.&27! 6())'! F%&1! $2!fXNW!&5(%2.#-+! R^YBT! *0)+0%(!

C(%(!C$'-(4!.2!K7@!]!'&4.01!,-&',-$+(!<0FF(%!R,:!P7KT!R",,(24.c![[3!B&7!UT!

$24!%('0',(24(4!.2!UK!1)!&F!+-(!'$1(!<0FF(%!*&2+$.2.2#!@V!#)0*&'(7!K7S!1)!&F!

X]E!C$'!$44(4!+&!+-(!'0',(2'.&2!C-.*-!C$'!.2*0<$+(4!.2!$!C$+(%!<$+-!'-$=(%!

F&%!dA!1.2!$+!SK!°67!"F+(%! +%($+1(2+!*())'!C(%(!C$'-(4!F&%!'(5(%$)! +.1('!$24!

%('0',(24(4!.2!'+(%.)(!4.'+.))(4!C$+(%7!!

!

0122! ,8@8>:5H9!?9F!;>G88959J!HO!:=8!74:?9:;!

!!!!!!!!!!!!!!!]0+$#(2.I(4! *())'! C(%(! ,)$+(4! &2+&! fXNW! '0,,)(1(2+(4! C.+-! $!

1.c+0%(!&F!U!1]!($*-!&F!6Ud>K3!6UO>K!$24!6UP>K!RUdYUOYUP!fXNWT!$24!C(%(!

.2*0<$+(4! F&%!@MS!4! $+! SL!°6!02+.)! *&)&2.('!$,,($%(47!\-(!1$'+(%!,)$+('!C(%(!



! SA!

%(,).*$M,)$+(4!&2+&!fXNW!,)$+(4!F&%!'*%((2.2#!+-(!10+$2+'!C.+-!$!,-(2&+;,(!&F!

.2+(%('+7! W(+(%1.2$+.&2! &F! 10+$2+! #%&C+-! &2! +-(! 1(4.$! *&2+$.2.2#! +-(!

.24.5.40$)! F$++;! $*.4'! C$'! F0%+-(%! 4&2(! +&! *-$%$*+(%.I(! +-(! ,%&',(*+.5(!

()&2#$+.&2M4(F(*+.5(!10+$2+'7!

!

012<! !!!.8:8G759?:5H9!HO!JGHS:=!?V5@5:E!HO!:=8!74:?9:;!59!@5345F!?9F!;H@5F!

78F5?!

\-(!10+$2+!*())'!C(%(!'0',(24(4!$+! +-(!*&2*(2+%$+.&2!&F!@cUKd!*())'!

.2!A!1)!fXNW!'0,,)(1(2+(4!C.+-!4.FF(%(2+!'$+0%$+(4!F$++;!$*.4'!&%!$!1.c+0%(!&F!

6Ud>K3! 6UO>K! $24! 6UP>K! RU! 1]! ($*-! &%! K7@YK7dYK7@! 1]3! 4(,(24(4! &2! +-(!

$,,%&,%.$+(4!*&2*(2+%$+.&2!&F!+-(!'0<'+%$+('!+-$+!,%&5.4.2#!+-(!*)($%);!%('0)+'!&F!

+-(! F$++;! $*.4! ,%&F.)('! R\&=(! $24! ]$%+.23! UQQO! $24! ",,(24.c! [[[TT! $24! +-(2!

C(%(!*0)+.5$+(4!+&!1.4!)&#$%.+-1.*!,-$'(!&2!$!%(*.,%&*$)!'-$=(%!RU@K!%,1T7!6())!

4(2'.+;!C$'! 4(+(%1.2(4! <;! ',(*+%&,-&+&1(+%;!C.+-! $<'&%<$2*(! $+! OOK!217! [2!

+-(!*$'(!&F!'&).4!1(4.$3!*0)+0%('!C(%(!'+%($=(4!&2+&!UdYUOYUP!fXNW!,)$+('!$24!

%(,).*$+(4! $F+(%! SMA! 4! #%&C+-! &2+&! fXNW! $24! fXNW! '0,,)(1(2+(4! C.+-!

4.FF(%(2+!'$+0%$+(4!F$++;!$*.4'7!!

!

0120!!!!!!!!+565F!8W:G?>:5H9!OGH7!S=H@8!>8@@;!HO!!"#$%&'(%)$*+!!
f($'+! *0)+0%('! C(%(! #%&C2! .2! 1(4.01! +&! )$+(! )&#$%.+-1.*! '+$#(7!

D(F&%(!-$%5('+.2#!<;!*(2+%.F0#$+.&2!$24!C$'-.2#!+-(!*())'!F&%!+-%((!+.1('!C.+-!

'+(%.)(!C$+(%!+&!#(+!%.4!&F!'0,,)(1(2+(4!F$++;!$*.4!.2!+-(!1(4.$3!'$1,)('!&F!($*-!

*0)+0%(! C(%(! $2$);I(4! F&%! +-(.%! 2&2M%(5(%+(4! #(2&+;,(! <;! $,,%&,%.$+(! %(,).*$!

,)$+.2#7! H$++;! $*.4'3! F%((! $24! .2*&%,&%$+(4! .2+&! 4.FF(%(2+! *())0)$%! *&1,&024'3!

C(%(!(c+%$*+(4!F%&1!C-&)(!*())'!<;!4.%(*+!'$,&2.F.*$+.&2>!K7P!1)!&F!UKV!`^:!

.2!1(+-$2&)!C$'!$44(4!+&!U!#!&F!C(+!*())'!.2!'*%(CM*$,,(4!+0<(7!\-(!+0<(!C$'!

'+$24(4! $+! PK!°6! F&%!@!-! $24! +-(2! *&&)!4&C2! +&! %&&1! +(1,(%$+0%(7!"F+(%! +-(!

%(1&5$)! &F! 02'$,&2.F.(4! 1$+(%.$)'! <;! (c+%$*+.2#! +-(! 1.c+0%(! C.+-! U! 1)! &F!

,(+%&)(01!(+-(%3!+-(!$/0(&0'!,-$'(!C$'!$*.4.F.(4!C.+-!K7S!1)!&F!O!B!:6)!$24!

F$++;! $*.4'! C(%(! %(*&5(%(4! <;! 4.(+-;)! (+-(%! (c+%$*+.&27! \-(! %(*&5(%(4! F$++;!



! SO!

$*.4'!'&)5(2+!C$'!(5$,&%$+(4!<;!F)0'-.2#!C.+-!2.+%&#(2!#$'7!H$++;!$*.4!1(+-;)!

('+(%'! RH"]X'T! C(%(! ,%(,$%(4! <;! +%$2'1(+-;)$+.&2! C.+-! <&%&2! +%.F)0&%.4(!

R]&%%.'&2!$24!E1.+-3!UQOdT!$+!PK!°6!F&%!S!1.2!$24! +-(2!*&&)!4&C2! +&! %&&1!

+(1,(%$+0%(7!"F+(%! .2*0<$+.&23!H"]X'!C(%(!(c+%$*+(4!<;!+-(!$44.+.&2!&F!U!1)!

&F! '$+0%$+(4! B$6)! '&)0+.&2! $24! K7A! 1)! &F! -(c$2(7! \-(! 1.c+0%(! C$'! 1.c(4!

5.#&%&0');!$24!*(2+%.F0#(4!$+!SKKK!%,1!F&%!A!1.2!+&!,%&1&+(!,-$'(!'(,$%$+.&27!

\-(! +&,! ,-$'(! C$'! %(1&5(4! *$%(F0));! $24! +-(! '&)5(2+! (5$,&%$+(4! 024(%! $!

'+%($1!&F!2.+%&#(2!#$'7!

!

012A!!!!!!!!X?;!>=GH7?:HJG?6=5>!?9?@E;8;!!!!!!!!!!!!!!!!

! \-(!H"]X'!C(%(!%('0',(24(4!.2!-(c$2(!$24!+-(2!'(,$%$+(4!&2!S!11!

#)$''!*&)012!&F!UAV!WX?E!&2!OKYPK!1('-!6-%&1$'&%<!Z!"Z!$+!UPK!°6!C.+-!

E-.1$4I0! UA"! ?$'! *-%&1$+&#%$,-;! $24! $2$);I(4! <;! #$'! *-%&1$+&#%$,-;!

0'.2#!$!:(C)(++MN$*=$%4!:N!OPQK!E(%.('3!(/0.,,(4!C.+-!$2!:NMA!*&)0123!C.+-!

$!+(1,(%$+0%(!#%$4.(2+!R@K!1.2!$+!@KK!°63!UK!°6Y1.2!+&!@AK!°63!$24!UK!1.2!$+!

@AK!°6T3!4(,(24(4!&2!+-(!*&2*(2+%$+.&2!&F!'$1,)(7!:().01!#$'!C$'!0'(4!$'!$!

*$%%.(%!#$'7!H$++;!$*.4'!C(%(! .4(2+.F.(4!<;!*&1,$%.'&2!&F! +-(.%! %(+(2+.&2! +.1('!

+&! +-&'(! &F! *&11(%*.$));! ! $5$.)$<)(! 1(+-;)! ('+(%! '+$24$%4>! 6Ud>K3! 6Ud>U3!

6UO>K3! 6UO>U3! 6UP>K3! 6UP>U3! 6UP>@! $24! 6UP>S7! \-(! F$++;! $*.4! RH"T!

*&1,&'.+.&2'!C$'!(c,%(''(4!$'!,(%*(2+$#('!.2!+&+$)!F$++;!$*.4'!R\H"T!R6$%%&))3!

UQOUT!$'!F&))&C>!

V!H"Y\H"!j!R$%($!H"gUKKT!Y!R+&+$)!$%($T!

!

012C!!!!!!!*?:59J!?9F!;6HG4@?:5H9!HO!F56@H5F!>8@@;!!

! \-(! ;($'+! -$,)&.4'! &F! (5, ./"0'/1.2&! 10+$2+'! R"-#343T! $24!

$0c&+%&,-.*! '+%$.2! R#1&643T! C(%(! *%&''(4! $24! +-(! %('0)+.2#! 4.,)&.4'! C(%(!

'()(*+(4!&2!UdYUOYUP!][B!$24!][B!,)$+('7!"!*&)&2;!F%&1!+-(!'()(*+(4!4.,)&.4'!

C$'!',&%0)$+(4!.2!]X!1(4.$!F&%!.240*+.&2!&F!',&%0)$+.&27!"'*$)!*())!C$))'!C(%(!

+%($+(4! C.+-! 4.(+-;)! (+-(%! +&! %()($'(! +-(! ',&%(! ,%&40*+'! &F! 1(.&'.'! $24! +-(2!

',%($4(4! &2! fXNW! '0,,)(1(2+(4! C.+-! $! 1.c+0%(! &F! F$++;! $*.4'! RUdYUOYUP!



! SL!

fXNWT7!_(,).*$M,)$+(4!&2!+-(!][B!*&2+$.2.2#!0%$*.)!R",,(24.c![3!B&7!ST!$24!

UdYUOYUP! ][B! 1(4.017! \-(! ,%&',(*+.5(! -;<%.4'! '-&0)4! 02$<)(! +&! #%&C! &2!

+-('(! '()(*+.5(! 1(4.01! <0+! *$2! #%&C! &2! +-(! 1$'+(%! ,)$+(! &F! UdYUOYUP!][B!

R0%$*.)T7! \-(! '+(,'! .25&)5(4! .2! 1$+.2#! &F! -$,)&.4! '+%$.2'! +&! ,%&40*(! 4.,)&.4!

*())'3!',&%0)$+.&2!&F!4.,)&.4'!$24!$2$);'.'!&F!+(+%$4'!$F+(%!1(.&'.'!$%(!1(2+.&2(4!

<;!"2;$+&2C03!@KKS7!

!

012I!!!!!!!%G86?G?:5H9!HO!E8?;:!>=GH7H;H7?@!.-$!TY4GZ8!,-#+&1K!<RRRU!

!!!!!!!!!!!!!!f($'+! *())'! C(%(! #%&C2! &5(%2.#-+! $+! SL! °6! .2! A!1)! &F! fXNW! <%&+-!

1(4.017!6())'!C(%(!*&))(*+(4!<;!@KKK!%,1!*(2+%.F0#$+.&2!F&%!A!1.27!6())'!C(%(!

%('0',(24(4! .2! K7A! 1)! &F! U! ]! '&%<.+&)3! K7U! ]! B$@XW\"! R,:! L7AT! $24!

+%$2'F(%%(4!+&!$!U7A!1)!1.*%&F0#(!+0<(7!\-(!'&)0+.&2!C$'!$44(4!K7K@!1)!&F!$!@7A!

1#Y1)!'&)0+.&2!&F!8;+.*$'(!F&))&C(4!<;!.2*0<$+.&2!U!-!$+!SL!°67!\-(!*())'!C(%(!

*&))(*+(4!<;!U!1.2!*(2+%.F0#$+.&23!4.'*$%4(4!+-(!'0,(%2$+$2+!$24!%('0',(2(4!.2!

K7A! 1)! &F! AK! 1]! \%.'M:6)! R,:! L7dT! R",,(24.c! [[3! B&7! @T3! @K! 1]! XW\"7!

"44(4!K7KA!1)!&F!UKV!EWE!R",,(24.c![[3!B&7!ST!!$24!+-(2!5.#&%&0');!1.c(4!

&F! %($*+.&2! '&)0+.&23! .2*0<$+(4! F&%! SK! 1.2! $+! OA! °67! \-(23! +-(! '&)0+.&2!C$'!

$44(4!C.+-! K7@!1)! &F! A!]! ,&+$''.01! $*(+$+(3!1.c(4! <;! #(2+)(! .25(%'.&2! $24!

,)$*(!+-(!1.*%&F0#(!+0<(!.2!.*(!F&%!U!-7!\-(!);'$+(4!*())'!C(%(!*&))(*+(4!$#$.2!

<;! A! 1.2! &F! *(2+%.F0#$+.&27! \-(23! '0,(%2$+$2+! C$'! +%$2'F(%%(4! +&! $! 2(C!

1.*%&F0#(! +0<(! $24! $44(4! &2(! 5&)01(! &F! UKKV! .'&,%&,$2&)! $+! %&&1!

+(1,(%$+0%(3! 1.c(4! <;! #(2+)(! .25(%'.&2! $24! $))&C(4! ,%(*.,.+$+.&2! F&%! A!1.27!

N())(+!&F!WB"!C$'!*&))(*+(4!<;!<%.F!*(2+%.F0#$+.&23!,&0%(4!&FF!+-(!'0,(%2$+$2+!

$24! $))&C(4! $.%M4%;! +-(! ,())(+7! \-(2! ,())(+!C$'! %('0',(24(4! .2! K7S!1)! &F!\X!

R,:! L7dT! R",,(24.c! [[3! B&7! dT7! B&2M%(/0.%(! _B"! C$'! 4.#('+(4! <;!

'0,,)(1(2+.&2!&F!UA!µ)!&F!$!U!1#Y1)!'&)0+.&2!&F!_B$'(!"!$24! .2*0<$+(4! +-(!

%($*+.&2!$+!!SL!°6!F&%!SK!1.27!WB"!$24!_B"!C(%(!,%(*.,.+$+(4!<;!K7KS!1)!&F!S!

]! '&4.01! $*(+$+(! $24! K7@! 1)! &F! UKKV! .'&,%&,$2&)7! N())(+! &F! WB"! C$'!

*&))(*+(4!<;!<%.(F!*(2+%.F0#$+.&2!$#$.2!$24!,&0%(4!&FF!+-(!'0,(%2$+$2+7!H.2$));3!

WB"!,())(+!C$'!4.''&)5(4!.2!K7UMK7S!1)!&F!\X!R,:!L7dT7!!



! SP!

012L!!!!!!!%G86?G?:5H9!HO!."#/%&0!6@?;75F!.-$!

!!!!!!!!!!!!!!N)$'1.4! WB"! ,%(,$%$+.&2! C$'! ,(%F&%1(4! 0'.2#! Z.I$%4 !"#$! Eb!

].2.,%(,'! WB"! ,0%.F.*$+.&2! ';'+(1! =.+7! N())(+! UMUK!1)! &F! <$*+(%.$)! &5(%2.#+!
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YB6%0%?>%0EFG% OVAV±%GAH% GAN±%GAE% OOAG±%GAV% 3A1±%GA2% OAH±%GAO% 0HAV±%GAV% OGA1±%GAH% GA2±%GAN% OAE±%GAN% GA2%

W06%0%?>%0EFG% ENA1%±%GA0% OAN%±%GA2% 0EAN%±%GAN% 0HAH%±%GAE% VAG%±%GA1% 02A2%±%GAH% GAG%±%GAG% GAG%±%GAG% OAH%±%GA0% 0AV%

YB6%0%?>%03FG% GAE%±%GAE% GAG%±%GAG% N0A3%±%GA3% NA0%±%GAN% VA1%±%GA2% ONAN%±%GAO% NOAO%±%GA1% 0A2%±%GAH% OAE%±%GAN% GA3%

W06%0%?>%03FG% GA3%±%GAV% GAG%±%GAG% HOAV%±%GA2% VA2%±%0A0% 0A3%±%GA3% 3AH%±%GAN% GAG%±%GAG% GAG%±%GAG% OAH%±%GAE% 0GAV%

YB6%0%?>%0HFG% GAN%±%GA0% GAG%±%GAG% 0OAE%±%GA0% 0AN%±%GAO% NOAG%±%GA1% 0NA1%±%GAV% NVAE%±%GAO% NAH%±%GA2% 0AG%±%GA0% GAO%

W06%0%?>%0HFG% OA3%±%GA0% GAG%±%GAG% 0GAN%±%GAN% 2A1%±%GAN% VNAO%±%GAV% OOAN%±%GAE% 0AN%±%GA0% GAG%±%GAG% OAE%±%GAO% GAO%

YB6%0EZ03Z0H% OGA1%±%GAE% GAV%±%GAG% OGAG%±%GA0% 2AO%±%GA0% NAO%±%GAN% 03A1%±%GAN% O3A2%±%GA0% 0A1%±%GA2% OA3%±%GA0% GA3%

W06%0EZ03Z0H% 01A3%±%GAN% GA1%±%GAO% ONA0%±%GAV% 0NAV%±%GAN% 0OA2%±%GAE% O3AE%±%GAH% 0AV%±%GA2% GAG%±%GAG% OAN%±%GAE% GA1%

YB6%J=KL% 0AG%±%GAO% GAG%±%GAG% OOAG%±%GA0% 0AE%±%GAE% OA3%±%GA0% OVA2%±%GAN% EEAG%±%GAN% 0AN%±%GAV% 0AH%±%GAO% GAN%

W06%J=KL% GAV%±%%GAE% GAG%±%GAG% VAH%±%%GA2% NHA3%±%0AE% 3AO%±%%GA1% EVAO%±%%0AN% GAG%±%%GAG% GAG%±%%GAG% NA2%±%%GA2% GA1%
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YB6%0%?>%03FG% GAN%±%GAN% GAG%±%GAG% NGAE%±%0A0% NA1%±%GAV% OA0%±%GAN% O2A0%±%0AN% NNAO%±%GAH% 0AO%±%GAE% 0AH%±%GAV% GAV%

W26%0%?>%03FG% GA0%±%GAO% GAG%±%GAG% NGA1%±%GA1% NAN%±%GA3% 0AE%±%GAE% 02AO%±%GA2% ENA1%±%0AV% GAG%±%GAG% NAO%±%GAE% GA3%

YB6%0%?>%0HFG% GAO%±%GA0% GAG%±%GAG% 03AH%±%GA2% 0AE%±%GAO% 0VAH%±%0A0% OGA0%±%GAH% EGA1%±%GA1% GA1%±%GAO% NA1%±%GA3% GAO%

W26%0%?>%0HFG% GA0%±%GAO% GAG%±%GAG% OGA2%±%GA3% 0A0%±%GAN% 0NAE%±%GAV% OOA1%±%GA1% NHA0%±%0AO% 0AN%±%GAO% OAE%±%GAN% GAN%

YB6%0EZ03Z0H% NA1%±%GAE% GA0%±%GA0% OOA0%±%GA2% OA3%±%GAV% VAN%±%GAO% O3A2%±%GA3% N3A1%±%GA1% 0A0%±%GAV% 0AN%±%GAO% GAE%

W26%0EZ03Z0H% 1A3%±%GAV% GAG%±%GAG% 0HAN%±%GAH% EAN%±%GAN% OAG%±%GA0% 01AE%±%GAH% ENAN%±%0AN% GAN%±%GA0% OAH%±%GAV% GAE%
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YB6%0%?>%0EFG% NOA3%±%GA1% GA2%±%GAH% 0EAN±%0A0% 2AE±%GAH% 0AV±%GAV% 0OA3±%GA2% ONA1±%0AN% NAH±%GAH% NAO±%GAN% GAV%

WH6%0%?>%0EFG% O2AG%±%GAE% GAG%±%GAG% 0HA2±%GA1% 3A3±%GAV% GAH±%GAN% 0GAO±%GA1% O2AV±%0AE% 3AO±%GA2% NAO±%GAV% GA3%

YB6%0EZ03Z0H% EAN%±%GAV% GAO%±%GAE% O0A0±%0AN% OAG±%GAV% VAN±%GAH% O3AO±%GAH% N2AN±%GA2% 0AE±%GAE% OAN±%GAN% GAN%
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BD"% '(,,C% (;-<% )*&'-#"$% (+<% ;&?)&$-,-&+$% &'% W2% ?8,(+,% ;8#,-Q(,"<% -+%

J=KL% 9*&,D% $8))#"?"+,"<% 7-,D% !03FG6% !0HFG% (+<% (% ?-M,8*"% &'% Q(*-&8$% '(,,C%

(;-<$% 40EZ03Z0H%J=KL5% ,&% #(,"% #&@(*-,D?-;%)D($"% 4OE%D5%(,%N2°!%7"*"%<-''"*"+,%
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$,*(-+% (,% ,D"% ;#&$"#C% *"#(,-Q"% #"Q"#% -+% (+C% ;&+<-,-&+$% ($% ?"+,-&+"<% (9&Q"A% S+%

(<<-,-&+% ,&% #-+&#"+-;% 40HFN6%345/∆160O60V5%;&8#<%9"%<",";,"<%9&,D% ,D"%W2%?8,(+,%

(+<% ,D"%YB% $,*(-+% "M;"),-+@% ,D"% ;8#,-Q(,-&+% &'%W2% -+% ,D"%?"<-(% $8))#"?"+,"<%
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,D"% )&#CI8+$(,8*(,"<% '(,,C% (;-<$% <"?&+$,*(,"<% ,D(,% ,D"$"% ?8,(+,% +&,% D(Q"% ,D"%
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% BD"% '(,,C% (;-<% )*&'-#"$% (+<% ;&?)&$-,-&+$% &'% WH% ?8,(+,% ;8#,-Q(,"<% -+%

J=KL% $8))#"?"+,"<%7-,D%!0EFG% (+<% (%?-M,8*"% &'% Q(*-&8$% '(,,C% (;-<$% ,&% #(,"%

#&@(*-,D?-;% )D($"% 4OE% D5% (,% N2°!%7"*"% '&8+<% ,D(,% ?C*-$,&#"-;% 40EF06% 345/∆15%

;&8#<% +&,% 9"% <",";,"<% -+% WH% 7D-#"% ,D"$"% '(,,C% (;-<% 7($% (;;8?8#(,"<% (,% #&7%
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?>%&'%!0EFG%(+<%(%?-M,8*"%&'%!0EFG6%!03FG%(+<%!0HFG%7"*"%<";*"($"<%(9&8,%

OI'&#<$%7D"+%;&?)(*"<%7-,D% ,D&$"%&'% ,D"%YBA%BD"%(;;8?8#(,-&+%&'%!0HF0%&'%

WH%?8,(+,%@*&7+%-+%0EZ03Z0H%J=KL%$8))#"?"+,(,-&+%7($%<";*"($"<%(9&8,%NI

'&#<$% 7D"+% ;&?)(*"<% 7-,D% ,D&$"% &'% ,D"% 7-#<I,C)"A% S+% (<<-,-&+% ,&% !0HFN%

(;;8?8#(,-&+%7($% -+;*"($"<% (9&8,% OI2I'&#<$%7D"+% ;8#,-Q(,"<% -+% 0%?>%!0EFG%
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&'% ,D"%YBA% BD"% @*&7,D% (9-#-,C% <"?&+$,*(,"<% ,D"-*% -+(9-#-,C% ,&% )*&#-'"*(,"% &+%

$&#-<%(+<%#-X8-<%J=KL%?"<-8?%7-,D&8,%(<<-,-&+%&'%"M&@"+&8$%'(,,C%(;-<$%(+<%

J=KL%7-,D%(<<-,-&+%&'%!03FG%(+<%!0HFGA%B(T"+%,&@",D"*6%,D"%@*&7,D%9"D(Q-&*%

(+<% '(,,C% (;-<% ;&?)&$-,-&+% &'% WH%?-@D,% 9"% ;(8$"% '*&?% ,D"% <"'";,$% -+% "-,D"*%

"#&+@(,-&+% (+<Z&*% 9-&$C+,D"$-$% )*&;"$$"$%7D-#"% <"$(,8*(,-&+% )*&;"$$%?-@D,%9"%

+&*?(##C%&;;8**"<A%

%

%

%

%

%

%

%



% 23%

12R(((((476;:8O(BT?=5C76;?:(7:A(A;BB9<6;?:(7:A(7:7CUB;B(?@(696=7AB(

BD"%C"($,%DC9*-<$%9",7""+%(8M&,*&)D-;%?8,(+,$6%W06%<"$-@+"<%($%&,-./.2#

6+,.%(+<%,D"%*";-)-"+,%$,*(-+%4-)+7/.5%7"*"%$"#";,"<%&+%0EZ03Z0H%>S\%(+<%>S\%

)#(,"$A% L-)#&-<% ;"##$% 7"*"% ,D"+% $)&*8#(,"<% -+% ?(#,% "M,*(;,% ?"<-8?% 4>=5% '&*%

-+<8;,-&+%&'%$)&*8#(,-&+%($%$D&7+%-+%U-@A%EA03PA%BD"%,",*(<$%7"*"%(+(#CR"<%,D"%

'&8*%$)&*"%)*&<8;,$%&'%?"-&$-$%4U-@A%EA03.5A%=-@D,C%)"*;"+,%&'%,D"%,",*(<$%'*&?%

,D"% <-)#&-<$% )*&<8;"<% '&8*% &*% ,D*""% Q-(9#"% $)&*"$A%P$;(#% ;"##%7(##$%7"*"% ,D"+%

,*"(,"<%7-,D%<-",DC#%",D"*%(+<%*"#"($"<%,D"%'&8*%$)&*"$%4U-@A%EA03!5A%%

%

%

% % %
%

U-@A%EA03%%%!&#&+C%'&*?(,-&+%&'%<-)#&-<%;"##$%@*&7+%&+%>=%?"<-(%'&*%VI2%<%%(,%

N2°!%4P5A%BD"%,",*(<$%&9,(-+"<%(',"*%$)&*8#(,-&+%(#$&%D(Q"%,D*""I'&8*%$)&*"$%-+%

,D"%($;8$%4.5A%P$;(#%;"##%7(##$%7"*"%,D"+%,*"(,"<%7-,D%<-",DC#%",D"*%(+<%*"#"($"<%

,D"%'&8*%$)&*"$%4!5A%%%

%

B&% ;&+'-*?% ,D"% DC9*-<$% <"$-@+"<% ($% -)+7/.2# 6+,.% ,D(,% &9,(-+"<% '*&?%

;*&$$-+@% &'% ,D"% *";-)-"+,% (+<% ,D"% ?8,(+,% $,*(-+$6% 7"% $"#";,"<% DC9*-<$% &+% ,D"%

$"#";,-Q"% >S\% 48*(;-#5% (+<% 0EZ03Z0H% >S\% ?"<-8?A% BD"% )*&$)";,-Q"% DC9*-<$%

$D&8#<%8+(9#"%,&%@*&7%&+%,D"$"%$"#";,-Q"%?"<-8?%98,%;(+%@*&7%&+%,D"%?($,"*%

)#(,"%&'%0EZ03Z0H%>S\%48*(;-#5A%P+(#C$-$%&'% ,",*(<%$"@*"@(,-&+%&'% ,D"%*";-)-"+,%

$,*(-+%4-)+7/.2#89:.5%M%,D"%?8,(+,$%4&,-./.2#6+,.5%<"?&+$,*(,"<%,D"%)"*;"+,%&'%

,D"% )*&$)";,-Q"% @"+&,C)"% 4-)+7/.2# 6+,.5% -$% ())*&M-?(,"#C% OVb% &'% ,&,(#%

@"+&,C)"A%%P;,8(##C6%%%,D"%*(,-&%&'%"(;D%@"+&,C)"%(?&+@%,D"%,&,(#%$)&*"$%-$%;#&$"%

(((((((((((((#( (((((((((E( %!(



% 22%

%,&% 0F0F0F06% ;&+$-$,"+,%7-,D% *(+<&?%($$&*,?"+,%&'% "(;D%@"+"%&+% -,$% *"$)";,-Q"%

;D*&?&$&?"%;&**"$)&+<-+@%,&%,D"%*"$8#,$%9C%P+C(,&+786%OGGNA%U&##&7-+@%'&*%

,D"%;*&$$-+@%*"$8#,$6%7"%(#$&%@&,%,D"%DC9*-<$%<"$-@+"<%($%-)+7/.2#6+,;%'*&?%,D"%

;*&$$-+@%&'%W2%?8,(+,%4&,-./.2#6+,;5%(+<%,D"%*";-)-"+,%4-)+7/.5%(+<%,D"%DC9*-<$%

<"$-@+"<% ($% -)+7/.2# 6+,<% '*&?% ;*&$$-+@% &'% WH%?8,(+,% 4&,-./.2# 6+,<5% (+<% ,D"%

*";-)-"+,%4-)+7/.5A%%%

%

12P(((!?>TC9>9:676;?:(?@(!"#$%&'(%)$*+(@766U(7<;A(75W?6=?TD;<(>567:6B(

%%BD"%?(*T"<%;D(+@"% -+% '(,,C% (;-<% ;&?)&$-,-&+%&'%W06%W2%(+<%WH%"MD-9-,%

,D"% )&$$-9-#-,C% ,D(,% ,D"% <"'";,% 7"*"% &;;8**"<% (,% ,D"% "#&+@(,-&+% &'% !03FG% ,&%

!0HFG%'&*%,D"%'-*$,%@*&8)6%!0EFG%,&%!03FG%'&*%,D"%$";&+<%@*&8)%(+<%9"'&*"%!0E%

'&*% ,D"% ,D-*<%@*&8)A%BD"%*"$8#,%&'% '(,,C%(;-<%$8))#"?"+,(,-&+%;&8#<%+&,%;#"(*#C%

;#(*-'C% ,D"% @"+",-;% #"$-&+% -+% W06% W2% (+<% WH% ?8,(+,$% &'%!"# $%&'(%)$*+A% S+%

"(*#-"*% $,8<-"$6% (,% #"($,% ,D*""% <-''"*"+,% C"($,% "#&+@($"$% D(Q"% 9""+% <"'-+"<A%

=#&+@($"%S%"M,"+<$%!0OI!03%'(,,C%(;C#I!&P$%,&%!03I!0H%'(,,C%(;-<$%4B&T"%(+<%

>(*,-+6%0113a%/;D+"-,"*%,1#+&A6%OGGG5A%=#&+@($"%SS%"#&+@(,"$%)(#?-,&C#I!&P%(+<%

$,*"(*&C#I!&P%8)%,&%!OO%'(,,C%(;-<$%(+<%"#&+@($"%SSS%$C+,D"$-R"$%OGIO3%;(*9&+%

'(,,C%(;-<$%'*&?%!0HI!&P%)*-?"*$%4eD%,1#+&A6%0112a%d&$$#"*%%,1#+&A6%OGGNa%[(+%

,1#+&A6%OGGO5A%%

%%BD8$6%:=>.%(+<%:=>?%(*"%())(*"+,#C%-+Q&#Q"<%-+%,D"%"#&+@(,-&+%&'%(##%,D"%

,D*""%@*&8)$%&'%,D"%?8,(+,$A%S+%&*<"*%,&%-+Q"$,-@(,"%,D"%<"'";,%-+%,D"%"#&+@(,-&+%

$,")6%,D"%W0%?8,(+,%7($%,*(+$'&*?"<%7-,D%@"#3,),A454+,#:=>.#(+<%:=>?#@"+"$A%%

BD"%W2%(+<%WH%?8,(+,$%7"*"%,*(+$'&*?"<%7-,D%@"#3,),A454+,#:=>.#@"+""%U*&?%

;*&$$"$%&'%,D"%W06%W2%(+<%WH%?8,(+,$%4#6+,#?8,(+,$5%7-,D%(+%(8M&,*&)D-;%$,*(-+%

4-)+7/.56%,D"%$"@*"@(+,$%4-)+7/.6%6+,.B##-)+7/.6%6+,;B##-)+7/.6%6+,<#5%&'%(##%,D"%

,D*""%@*&8)$%&'%,D"%?8,(+,$%7"*"%8$"<%'&*%;&?)#"?"+,(,-&+%,"$,A%BD"%)#($?-<$%

J!)=fe0A>eL%7"*"% D(*9&*"<% ,D"% ;&<-+@% $"X8"+;"$% &'%@"# 3,),A454+,#:=>.#

(+<% ;&+,(-+-+@% ,D"% CD97% @"+"% ($% (% $"#";,-Q"% ?(*T"*A% S+% (<<-,-&+% ,&% ,D"%

J!)^Pf=feO4g5% D(*9&*-+@% ,D"% ;&<-+@% $"X8"+;"$% &'% @"# 3,),A454+,# :=>?%

7D-;D%;&+,(-+-+@%,D"%CD97%@"+"%($%(%$"#";,-Q"%?(*T"*%(+<%@(#(;,&$"I-+<8;-9#"%



% 2H%

^Pf%)*&?&,"*A%U*&?% ,D"%;D(*(;,"*-$,-;%@"+&,C)"%&'% ,D"%())*&)*-(,"%)#($?-<$6%

J!)=fe0A>eL%(+<%J!)^Pf=feO4g5%7"%)*")(*(,"<%(##%,D"%?8,(+,$%,&%D(Q"%

,D"%@"+&,C)"%&'%-)+7/.% '*&?%;*&$$-+@%9",7""+%(##% ,D"% ,D*""%@*&8)$%&'% ,D"% 6+,%

?8,(+,$%(+<%,D"%(8M&,*&)D-;%$,*(-+%4-)+7/.6%89:.5%7D-;D%(##&7"<%,&%$;*""+%,D"%

)*&$)";,-Q"% ,*(+$'&*?(+,$% '*&?% ,D"% $"#";,-Q"% ?"<-8?% &'% >S\% (',"*%

;&?)#"?"+,"<%7-,D%,D"%$)";-'-;%)#($?-<A%%

%%BD"% ,*(+$'&*?(,-&+% &'% ,D"% C"($,% ;"##$%7"*"% ;(**-"<% &8,% 8$-+@% ,D"% #-,D-8?%

(;",(,"% ?",D&<% 4/(?9*&&T% ",% (#A6% 01H35% (+<% ,D"+% )#(,"<% &+,&% ,D"% ?-+-?(#%

?"<-8?% $8))#"?"+,"<% 7-,D% ,D"% '(,,C% (;-<$% 40EZ03Z0H% >S\5% (+<% (<<"<% Nb%

@(#(;,&$"A% B*(+$'&*?(,-&+% "''-;-"+;C% 7($% <","*?-+"<% 9C% )#(,-+@% (#-X8&,$% &'%

,*(+$'&*?"<% ;"##$% &+% ,D"% >S\% ?"<-8?A% S,% 7($% '&8+<% ,D(,% &+#C% ,D"% :=>?#

,*(+$'&*?(+,$% ;&8#<% @*&7% &+% ,D"% ?"<-8?% ;&+,(-+-+@% @(#(;,&$"% 7-,D&8,% '(,,C%

(;-<% $8))#"?"+,(,-&+% ($% $D&7+% -+% U-@A% EA02A% BD"*"'&*"6% '-',""+% &'% h% 0VG%

,*(+$'&*?(+,% ;"##$% % <"$-@+"<% ($% WB0% 4CD972# 89:.5% ;(**C-+@% :=>?% 7"*"%

*(+<&?#C%;D&$"+A%%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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(((((((((((((L#M(((((((((((((((((((((((((((((((((((((((((((((((((((((((((LEM%

% %
%

U-@A%EA02% % %^*&7,D%)D"+&,C)"%&'% ,D"%'-',""+%*")*"$"+,(,-Q"%WB0%,*(+$'&*?(+,$%

4CD972#89:.5%7D-;D% ,*(+$'&*?(+,"<%7-,D% ,D"%@I:=>?% @"+"6% $,*"(T"<% &+% ,D"%

0EZ03Z0H% >S\% ?"<-(% ;&+,(-+-+@% @(#(;,&$"% 4P5% (+<% ,D"+% *")#-;(,"<% &+% >S\%

?"<-(%;&+,(-+-+@%@(#(;,&$"%4.5A%KD&,&@*()D$%7"*"%,(T"+%(',"*%O%<%-+;89(,-&+A%

%

U&##&7-+@%,&%;&+'-*?%,D(,%,D"%WB0%D(Q"%<"'";,%(,%,D"%$,")%&'%"#&+@(,-&+%&'%

!03%,&%!0H%(+<%*"(##C%)&$$"<%(%?8,(,-&+%-+%,D"%:=>?%@"+"6%7"%*""M,*(;,"<%,D"%

)#($?-<$%'*&?%,D"%WB0%,*(+$'&*?(+,%(+<%,D"+%,*(+$'&*?"<%,&%:53*,)43*4+#3%&4#

-+% &*<"*% ,&% ?8#,-'C% ,D"$"% $)";-'-;% )#($?-<$A% Y"% '8*,D"*% *""M,*(;,"<% ,D"$"%

)#($?-<$% '*&?%:"# 3%&4# (+<% ;(**-"<% &8,% ;D";T-+@% ,D"%L\P%9C% "#";,*&)D&*"$-$A%

BD"% *"$8#,$% '*&?% U-@A% EA0H% <"?&+$,*(,"<% ,D(,% ,D"%L\P% '*(@?"+,% &'% ,D"%WB0%

,*(+$'&*?"+,% *"Q"(#"<% ,D"% $(?"% $-R"% &'% L\P% ($% '&8+<% -+% ,D"% @I:=>?% @"+"6%

-+<-;(,-+@% ,D(,% ,D"%:=>?%@"+"%&'%@"#3,),A454+,%7($% ,D"% $-?-#(*%@"+"% ,D(,%@(-+%

'8+;,-&+%-+%!"#$%&'(%)$*+%W0A%%

%

%



% HG%

%
%

%

U-@A% EA0H% % %P@(*&$"% @"#% "#";,*&)D&*"$-$% &'%!4EFSSSZ#(?9<(%L\P%?(*T"*% 4>56%

L\P%'*(@?"+,%&'%,D"%*""M,*(;,"<%)#($?-<$%'*&?%,D"%WB0%,*(+$'&*?"+,%4#(+"%O5%

(+<%,D"%9(+<%&'%,D"%J!)^Pf=feO4g5%4#(+"%N5A%

%

%

BD"*"'&*"6%:=>?# -$%())(*"+,#C%-+Q&#Q"<%-+%,D"%<"'";,%(,% ,D"%"#&+@(,-&+%

&'%!03FG%,&%!0HFGA%S+%&*<"*%,&%-+Q"$,-@(,"%,D"%?(*T"<%;D(+@"%-+%,D"%WB06%"(;D%

$-+@#"% ;&#&+C%7($% 8$"<% '&*% )D"+&,C)-;% ,"$,-+@% ;&?)(*(,-Q"%7-,D% ,D"% *";-)-"+,%

$,*(-+% 4-)+7/.5A% KD"+&,C)-;% (+(#C$-$% <"?&+$,*(,"<% ,D(,% ,D"% @*&7,D% (9-#-,-"$% &'%

,D"%*")*"$"+,(,-Q"%,*(+$'&*?(+,%<"$-@+(,"<%($%WB0%4CD972%89:.5%7($%$-?-#(*%

,&% ,D(,%&'% ,D"%-)+7/.%$,*(-+%4U-@A%EA015A%e+%,D"%;&+,*(*C%&'% ,D"%W0%?8,(+,6% ,D"%

WB0% $,*(-+% ;&8#<% @*&7% &+% 9&,D% ,D"% ?"<-(% 7-,D% &*% 7-,D&8,% "M&@"+&8$% '(,,C%

(;-<$A%

%

i9%
%
%
%
%
ON%
%
%
EAE%
%
OAN%
%
%
%
%
%
%

%%%%%%%%%%%%%>%%%%%%%%%%0%%%%%%%%%%%O%%%%%%%



% H0%

%
U-@A%EA01(((KD"+&,C)-;%(+(#C$"$%&'%?8,(+,%W06%,*(+$'&*?(+,%WB0%(+<%YB%$,*(-+%

&'%!"#$%&'(%)$*+%&+%$&#-<%;&?)#","%J=KL%$8))#"?"+,"<%7-,D%<-''"*"+,%'(,,C%

(;-<$%&*%?-+-?(#%?"<-8?A%KD&,&@*()D$%7"*"%,(T"+%(',"*%-+;89(,-&+%(,%N2°!%'&*%

E%<A%

%

Y"% '8*,D"*% (+(#C$"<% ,D"% @*&7,D% ;D(*(;,"*-$,-;% &'%WB0% ,*(+$'&*?(+,% -+%

#-X8-<% ?"<-8?% ;&+,(-+-+@% <-''"*"+,% $(,8*(,"<% '(,,C% (;-<$% *"Q"(#"<% ,D"% $-?-#(*%

*"$8#,$% ($% '&8+<% -+% $&#-<% ?"<-8?% -+% 7D-;D% ,D"% @*&7,D% &'% WB0% ;&8#<% *"(;D%

;#&$"#C%,&%,D(,%&'%,D"%YB%$,*(-+%8+<"*%(+C%;&+<-,-&+$%($%$D&7+"<%-+%U-@A%EAOGA%%

%

%
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;8#,-Q(,"<% &+% #-X8-<% ?"<-(% &'% J=KL% $8))#"?"+,"<% 7-,D% 0EFGZ03FGZ0HFG%
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0EFG% 0EF0% 03FG% 03F0% 0HFG% 0HF0% 0HFO% 0HFN% e,D"*$%

YB6%0%?>%0EFG% OVA2%±%GAV% GAG%±%GAG% OOAO%±%GA0% 2A0%±%GA0% OAV%±%GAO% 0HAN%±%GA0% O0AN%±%GA1% GA3%±%GA0% OAE%±%GA0%

WB06%0%?>%0EFG% O2AV%±%GAN% GAG%±%GAG% 0HA0%±%GA2% 3A1%±%0AG% 0AE%±%GA1% 0VA3%±%GAH% OVAE%±%0AN% OA1%±%0AV% OA0%±%0A0%

YB6%0%?>%03FG% GAE%±%GAE% GAG%±%GAG% N0A3%±%GA3% NA0%±%GAN% VA1%±%GA2% ONAN%±%GAO% NOAO%±%GA1% 0A2%±%GAH% OAE%±%GAN%

WB06%0%?>%03FG% GAN%±%GAN% GAG%±%GAG% O3A2%±%GA1% NA3%±%GA2% OAG%±%0AV% ONAN%±%GAH% E0AV%±%0AH% 0AO%±%GAV% 0AE%±%GAE%

YB6%0%?>%0HFG% GAN%±%GA0% GAG%±%GAG% 0OAE%±%GA0% 0AN%±%GAO% NOAG%±%GA1% 0NA1%±%GAV% NVAE%±%GAO% NAH%±%GA2% 0AG%±%GA0%

WB06%0%?>%0HFG% GAN%±%GAN% GAG%±%GAG% 0HAO%±%GAH% GA1%±%0AG% 03AH%±%GA2% OOA0%±%GAO% EGA1%±%GAN% GA2%±%GA2% GAN%±%GAE%

YB6%0EZ03Z0H% OGA1%±%GAE% GAV%±%GAG% OGAG%±%GA0% 2AO%±%GA0% NAO%±%GAN% 03A1%±%GAN% O3A2%±%GA0% 0A1%±%GA2% OA3%±%GA0%

WB06%0EZ03Z0H% 0OAN%±%GA0% GAO%±%GAN% 0HAE%±%GAO% EA0%±%GA0% OAO%±%GAO% 01A1%±%GAV% N1AV%±%GA1% OA0%±%GAG% 0AO%±%GAO%

YB6%J=KL% 0AG%±%GAO% GAG%±%GAG% OOAG%±%GA0% 0AE%±%GAE% OA3%±%GA0% OVA2%±%GAN% EEAG%±%GAN% 0AN%±%GAV% 0AH%±%GAO%

WB06%J=KL% GA3%±%GAN% GAG%±%GAG% O2AE%±%GA3% 0AG%±%GA0% EA0%±%GAV% 01AV%±%GAE% EOAN%±%0A0% 0A2%±%GAH% NAV%±%GAV%
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0EFG% 03FG% 03F0% 0HFG% 0HF0% 0HFO% 0HFN% e,D"*$%

!03Z!0H%
*(,-&%

YB% 0AG%±%%GAO% OOAG%±%%GA0% 0AE%±%%GAE% OA3%±%%GA0% OVA2%±%%GAN% EEAG%±%%GAN% 0AN%±%%GAV% 0AH%±%%GAO% GAN%

W0% GAV%±%%GAE% VAH%±%%GA2% NHA3%±%%0AE% 3AO%±%%GA1% EVAO%±%%0AN% GAG%±%%GAG% GAG%±%%GAG% NA2%±%%GA2% GA1%

W06%0%?>0HFG% OA3%±%%GA0% 0GAN%±%%GAN% 2A1%±%%GAN% VNAO%±%%GAV% OOAN%±%%GAE% 0AN%±%%GA0% GAG%±%%GAG% OAE%±%%GAO% GAO%

WB0% GA3%±%%GAN% O2AE%±%%GA3% 0AG%±%%GA0% EA0%±%%GAV% 01AV%±%%GAE% EOAN%±%%0A0% 0A2%±%%GAH% NAV%±%%GAV% GAE%
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#'=* -1%3I#)* L,* ABBO,* .%;*/01234* ";';* &F*/56.5"( "#7&$8"* ;'D&=;1* #*

=;GE#* B>F#EE?* #D3=* =;1#E0/#1;* #'=* D&I$G;I;'E1* E%;* *'%4* I0E#E3&'* &F*

9"66."-*,+6%$(6%-%:5$5"%,*Z;';,*ATRNYPQ*YBB>[^W,*

!'=;/1&')* Z,6,)* #'=* <&G#EE020=?)* 4,9,* ABTM,* U#EE?* #D3=* D%#3'* ;G&'"#E3&'* J?*

I3D/&1&I#G*;'_?I;1*F/&I*E%;*J&(3';*I;3J&I3#'*"G#'=,*!/D%,*V3&D%;I,*

V3&$%?1,*Y[ONAPQ*AOO>ATM,*

!'?#E&'H0)*Z,)*Z#/D3#)*9,)*4/#I#'32)*!,)*4&H;GG)*+,)*#'=*+&&/;)*8,`,*Y^^[,*

+;3&E3D* #'=* I3E&E3D* $%;'&E?$;1* D&'F;//;=* J?* E%;* ;',404( I0E#E3&'( 3'*

9"66."-*,+6%$( 6%-%:5$5"%* #'=* <9!=* 10$$/;113&'* &F* E%;* JG;&I?D3'*

%?$;/101D;$E3J3G3E?,*S'E,*6,*+&G,*5D3,*RQ*A>AY,*

!/';J;/")*a,)*5#G12&(>S(;/1;')*!,5,)*#'=*+#E%3#1;')*.,9,*ABBY,*.%;*;FF;DE*&F*

"/&HE%* /#E;* #'=* &E%;/* "/&HE%* D&'=3E3&'1* &'* E%;* G3$3=* D&I$&13E3&'* &F*

3$6.%-56.5"(6*'5,*!$$G,*+3D/&J3&G,*V3&E;D%'&G,*[BQ*[M[>[MO,*

!1%E&')* !,:,)* 6;'23'1)* 8,K,)* #'=*`%3EF;G=)* 4,:,* ABBR,*+&G;D0G#/* DG&'3'"* &F*

EH&*=3FF;/;'E*D@a!1*F&/*I#3_;*#D;E?G*8&!*D#/J&X?G#1;,*4G#'E*+&G,*V3&G,*

YRNAPQ*[M>RB,*



* BO*

V#"'#E)* +,)* #'=* 53I&'1)* <,* Y^^Y,* K3$3=* /#FE1* 3'* $/&E;3'* 1&/E3'"* #'=* D;GG*

$&G#/3E?* 3'* J0==3'"* ?;#1E* 9"66."-*,+6%$( 6%-%:5$5"%,* V3&G,* 8%;I,*

[T[NA^PQ*AROM>ART^,*

V;#E?)* a,V,)* #'=* K#';)* +,@,* ABTY,* !D;E?G* D&;'_?I;* !* D#/J&X?G#1;,* :#$3=*

$0/3F3D#E3&'*&F*E%;*D%3D2*G3(;/*;'_?I;*#'=*1E;#=?*1E#E;*23';E3D*#'#G?131*&F*

E%;*D#/J&X?G#1;>D#E#G?_;=*/;#DE3&',*6,*V3&G,*8%;I,*YMONYPQ*BYR>BYB,*

V;#0=&3')* U,)* Z#JG;)* <,)* 5#?#'&(#)* -,)* @0'')* .,)* #'=* a#$3;/)* 6,!,* Y^^Y,* !*

9"66."-*,+6%$( 6%-%:5$5"%* ";';* /;b03/;=* F&/* %;E;/&G&"&01* F#EE?* #D3=*

;G&'"#1;* #DE3(3E?* ;'D&=;1* #* I3D/&1&I#G* J;E#>2;E&>/;=0DE#1;,* 6,* V3&G,*

8%;I,*YOONA[PQ*AARTA>AARTT,*

V;;G;/)* .,)*V#D32&(#)*@,)*Z#JG;)*<,)*7&$23'1)*K,)* 6&%'1&')*8,)* 5G3F;)*7,)* #'=*

@0'')* .,* ABBT,* .%;* 9"66."-*,+6%$( 6%-%:5$5"%* >9?4@ABCDEFGH* ";';*

;'D&=3'"* [>2;E&1$%3'"#'3';* /;=0DE#1;* 31* 3=;'E3F3;=* 3'* #* 1D/;;'* F&/*

E;I$;/#E0/;>1;'13E3(;* 10$$/;11&/1* &F* E%;* 8#Yc>1;'13E3(;* D1"Y@;GE#*

I0E#'E,*6,*V3&G,*8%;I,*YO[NRWPQ*[^WTT>[^WBR,*

V;11&0G;)* 6,6,)* K;113/;)*:,)* #'=*8#11#"';)*8,* ABTB,* 4#/E3#G* $0/3F3D#E3&'* &F* E%;*

#D?G>8&!* ;G&'"#1;* &F* I''5&,( )*--&,* G;#(;1,* !/D%,* V3&D%;I,* V3&$%?1,*

YWTNYPQ*ROM>RTR,*

V;11&0G;)* 6,6)* K;113/;)* :,)* :3"&0G;E)*+,)* Z0;/3')* V,)* #'=* 8#11#"';)* 8,* ABTT,*

K&D#G3_#E3&'* &F* E%;* 1?'E%;131* &F* (;/?>G&'">D%#3'* F#EE?* #D3=* 3'*

I3E&D%&'=/3#* F/&I*9"66."-*,+6%$( 6%-%:5$5"%,* 90/,* 6,*V3&D%;I,* AOONAPQ*

Y^O>YAA,*

VG&D%)* <,)* #'=* C#'D;I)* @,* ABOO,* 8&'E/&G* I;D%#'31I1* 3'* E%;* 1?'E%;131* &F*

1#E0/#E;=*F#EE?*#D3=1,*!''0,*:;(,*V3&D%;I,*RWQ*YW[>YBT,*

VG&&IF3;G=)*@,<,)* #'=*VG&D2)*<,* ABW^,* .%;* F&/I#E3&'* &F* =;GE#* B>0'1#E0/#E;=*

F#EE?*#D3=1,*6,*V3&G,*8%;I,*Y[MQ*[[O>[RM,*

V&113;)*+,!,)* #'=*+#/E3')* 8,9,* ABTB,* a0E/3E3&'#G* /;"0G#E3&'* &F* ?;#1E* =;GE#>B*

F#EE?*#D3=*=;1#E0/#1;*#DE3(3E?,*6,*V#DE;/3&G,*AOANAYPQ*WR^B>WRA[,*

V/&0')*4,)*Z;EE';/)*5,)* #'=*5&I;/(3GG;)*8,*ABBB,*Z;';E3D*;'"3';;/3'"*&F*$G#'E*

G3$3=1,*!''0,*:;(,*a0E/,*ABQ*ABO>YAW,*



* BT*

V/&H1;)*6,)*#'=*5&I;/(3GG;)*8,*ABBA,*ZG?D;/&G3$3=*1?'E%;131Q*J3&D%;I31E/?*#'=*

/;"0G#E3&',*!''0,*:;(,*4G#'E*4%?13&G,*4G#'E*+&G,*V3&G,*RYQ*RWO>M^W,*

V/0D2=&/F;/)* :,* ABBO,* 5?'E%;131* #'=* 1E&/#";* &F* F#E1* #1* #'* ;';/"?* /;1;/(;*

d&'G3';e,* !(#3G#JG;* F/&IQ* %EE$Q* ff* HHH,* /FD,* 0DG,* #D,* 02* f* =;$#/EI;'E1* f**

V3&D%;I31E/?*f*=&D1*f**UG03=1G3$&";';131,*$$E,**dY^^R)*+#/D%*Y[e,*

V0/2;)*@,)*@#H1&')*@,)*#'=*5E;#/'1)*.,*Y^^^,*+;E%&=1*3'*L;#1E*Z;';E3D1,**S'*!*

K#J&/#E&/?*+#'0#G,*N.%3/=*;=3E3&'P,*$$,*AA^>AAA,*a;H*L&/2Q*8&G=*5$/3'"*

7#/J&/,*

8#%&&')*9,V,*#'=*K?'D%)*@,C,**ABBA,*!'#G?131*&F*"G0D&D;/;J/&13=;1*&F*/?;*G;#F*

#'=*$G#1I#*I;IJ/#';,*4G#'E*4%?13&GJ*BMQ*MT>WT,**

8#//&GG)* <,<,* ABWA,* g0#'E3E#E3(;* ;1E3I#E3&'* &F* $;#2* #/;#1* 3'* "#1>G3b03=*

D%/&I#E&"/#$%?,*a#E0/;,*ABAQ*[OO>[OT,*

8#11#"';)*8,)*K;113/;)*:,)*V;11&0G;)*6,6,)*+&/;#0)*4,)*8/;#D%)*!,)*5D%';3=;/)*U,)**

#'=* 5E0/J&31)* V,' ABBR,' V3&1?'E%;131* &F* (;/?* G&'"* D%#3'* F#EE?* #D3=1* 3'*
%3"%;/*$G#'E1,**4/&",*K3$3=,*:;1,*[[Q*MM>WB,****

8%#EE&$#=%?#?)*4,)*V#';/];;)*5,<,)*5;')*<,)*#'=*8%#2/#J#/E3)*4,*K3$3=*$/&F3G;1*

&F*I$)%-75''&$(#57%-*#'=*3E1*0'1#E0/#E;=*F#EE?*#D3=*#0X&E/&$%)*\U!Y,*8#',*

6,*+3D/&J3&G,*[ANRPQ*[MY>[MM,*

8%#(#'E)*K,)*`&GF)*8,)*U&'(3;3GG;)*6,K,)*#'=*@#/";'E)*:,*ABTA,*@;(3#E3&'*F/&I*

E%;*010#G*/;G#E3&'1%3$1*J;EH;;'*E%;*E;I$;/#E0/;)*E%;*"/&HE%*/#E;)*E%;*F#EE?*

#D3=* D&I$&13E3&'* #'=* E%;* G3$3=* I3D/&(31D&13E?* &F* F&0/* =3FF;/;'E* F0'"3*

N<&6*-( ,&6%K*)* I$)%-75''&$( *6.-"6%&$)* 96*)&'"-5*)$5$( ;-%:56"&'5$)*

I6.'+"(;5$%L&"'5$M,*V3&D%;I,*V3&$%?1,*:;1,*8&II0',*A^AN[PQ*BAY>BY^,*

8%;1E;/1)*8,Z,)*#'=*4;J;/=?)*6,U,*ABWM,*a0E/3E3&'#G*F#DE&/1*3'*/;G#E3&'*E&*"/&HE%*

#'=* F#E* 1?'E%;131* 3'*<*-85%-%''"( :5#"6%",* 6,*Z;',*+3D/&J3&G,* RANAPQ*AYO>

A[R,*

8%3/#G#)* 5,5,* ABBY,* 8&&/=3'#E;=* /;"0G#E3&'* #'=* 3'&13E&G>I;=3#E;=* #'=* F#EE?*

#D3=>I;=3#E;=* /;$/;113&'*&F* F#EE?* #D3=* 1?'E%#1;*";';1* 3'*9"66."-*,+6%$*

6%-%:5$5"%,*4/&D,*a#EG,*!D#=,*5D3,*\5!,*TBNYAPQ*A^Y[Y>A^Y[W,*



* BB*

8%3/#G#)* 5,5,)* h%&'")* g,)* 70#'")* `,)* #'=* #G>U;;G)* `,* ABBR,* !'#G?131* &F*

U!5[f!88*/;"0G#E&/?*/;"3&'*&F*9"66."-*,+6%$(6%-%:5$5"%Q*3=;'E3F3D#E3&'*

&F* #* F0'DE3&'#G* \!5Sa-* #'=* 1;b0;'D;1* /;1$&'13JG;* F&/* F#EE?* #D3=*

I;=3#E;=*/;$/;113&',*a0DG;3D*!D3=1*:;1,*YYN[PQ*RAY>RAT,*

8%&3)* 6,L,)* 5E02;?)* 6,)* 7H#'")* 5,L,)* #'=* +#/E3')* 8,9,* ABBW,* :;"0G#E&/?*

;G;I;'E1* E%#E* D&'E/&G* E/#'1D/3$E3&'* #DE3(#E3&'* #'=*0'1#E0/#E;=* F#EE?*#D3=>

I;=3#E;=*/;$/;113&'*&F*E%;*9"66."-*,+6%$(6%-%:5$5"%*1234*";';,*6,*V3&G,*

8%;I,*YOANOPQ*[MTA>[MTB,*

83'E3)*@,K,)*8&&2)*K,)*a#"3)*+,a,)*#'=*50';]#)*5,<,*ABBY,*.%;*F#EE?*#D3=*D%#3'*

;G&'"#E3&'* 1?1E;I* &F* I#II#G3#'* ;'=&$G#1I3D* /;E3D0G0I,* 4/&",* K3$3=*

:;1,*[ANAPQ*A>MA,*

8&%;')* h,)* C&'1%#2)* !,)* #'=* :3D%I&'=)* !,* ABTT,* 9FF;DE* &F* ;'(3/&'I;'E#G*

D&'=3E3&'1* &'* F#EE?* #D3=* D&I$&13E3&'* &F* E%;* /;=* #G"#* /*-).+-5K5&,(

6-&%#8&,Q*D&//;G#E3&'*E&*"/&HE%*/#E;,*6,*4%?D&G,*YARN[PQ*[YT>[[Y,**

8&'_;GI#'')*!,)*40&E3)*!,)*K;1E;/)*:,K,)*#'=*@;1$&'=1)*8,*ABBY,*.H&*=3FF;/;'E*

E?$;1* &F* G3$3=* I&3;E3;1* #/;* $/;1;'E* 3'* "G?D&$%&1$%&3'&13E&G>#'D%&/;=*

I;IJ/#';* $/&E;3'1* &F*9"66."-*,+6%$( 6%-%:5$5"%,* 9+V-* 6,* AANYPQ* RMO>

RWW,*

8/;"")*6,+,)*C;=(3D2)*.,5,)*#'=*:#1D%2;)*`,8,*ABB[,*:;D;'E*#=(#'D;1*3'*E%;*

;X$/;113&'* &F* F&/;3"'* ";';1* 3'* /56.5"( )"$8*-5$,* V3&E;D%'&G&"?* Na,L,P,*

AANTPQ*B^M>BA^,*

8/&'#')* 6,9,)* #'=* C#";G&1)* 4,:,* ABOY,* +;E#J&G31I* #'=* F0'DE3&'* &F* E%;*

I;IJ/#';* $%&1$%&G3$3=1* &F* 3$6.%-56.5"( 6*'5,* V3&D%3I,* V3&$%?1,* !DE#,*

YWMNAPQ*YM>W^,*

@#(3=)*@,)*50'=#/#J#J0)*5,)* #'=*Z;/1E)* 6,9,*ABBT,* S'(&G(;I;'E*&F* G&'"*D%#3'*

F#EE?* #D3=* ;G&'"#E3&'* 3'* E%;* E/#FF3D23'"* &F* 1;D/;E&/?* (;13DG;1* 3'* ?;#1E,* 6,*

8;GG*V3&G,*AR[NMPQ*AAWO>AATY,*

@;D#GG&'';)*6,)*@;GI;;)*+,)*`#0E%&_)*4,)*9G*K3&03)*+,)*#'=*K#IJ;/E)*:,*ABBA,*

!*/#$3=*$/&D;=0/;*F&/*E%;*3=;'E3F3D#E3&'*&F*G#DE3D*#D3=*J#DE/3#*J#1;=*&'*E%;*



* A^^*

#1* D%/&I#E&"/#$%3D* #'#G?131* &F* E%;* D;GG0G#/* F#EE?* #D3=1,* 6,* U&&=* 4/&E,*

MRN[PQ*YAO>YYR,*

=;*:&0J3')*+,:,)*V#1E3;')*K,)*5%;')*5,7,)*#'=*Z/&G;#0)*@,*ABBA,*U;/I;'E#E3&'*

1E0=?* F&/* E%;* $/&=0DE3&'* &F* %;$#E3E31* V* (3/01* $/;>5Y* #'E3";'* J?* E%;*

I;E%?G&E/&$%3D* ?;#1E* !"#$%#&'"( )*'+,*-).",* 6,* S'=,* +3D/&J3&G,* TN[PQ*

ARO>AMW,*

@3EE/3D%)*U,)*h#]&'D)*@,)*7i%';)*<,)*7&]#)*\,)*923D3)*!,)*Z/;3';/)*9,)*<G;3')*7,)*

7&FI#'')* 6,)*V;11&0G;)* 6,6,)*5$;/G3'")*4,)* #'=*5D%H;3_;/)*9,*ABBT,*U#EE?*

#D3=* ;G&'"#E3&'* 3'* ?;#1E,* V3&D%;I3D#G* D%#/#DE;/31E3D1* &F* E%;* ;'_?I;*

1?1E;I* #'=* 31&G#E3&'* &F* ;G&'"#E3&'>=;F;DE3(;* *I0E#'E1,*90/,* 6,*V3&D%;I,*

YMYQ*ROO>RTM,*

9%#//31)* Y^^R,* U#EE?* #D3=1Q* I;E%?G;';>3'E;//0$E;=* =&0JG;* d&'G3';e,* !(#3G#JG;*

F/&IQ*%EE$QffHHH,G3$3=,D&,02f3'F&/;1fK3$3=1fF#j$&G?f,*dY^^R)*+#/D%e,*

91D#G#'E;)* 6,)* 8#I3'#G)* Z,)* #'=* =;* +#1)* 8,* ABB^,* V3&I#11* $/&=0DE3&'* J?* #*

E%;/I&E&G;/#'E* ?;#1EQ* !"#$%#&'"( )*'+,*-).",* 6,* 8%;I,* .;D%'&G,*

V3&E;D%'&G,*RTNAPQ*WA>O^,*

91F#%#'3)* +,)* <0D3/2#)* 9,+,)* .3II&'1)* U,k,)* .?#"3)* 5,)* K&/=)* !,9,6/)* #'=*

7;'/?)*5,!,*ABTA,*9FF;DE*&F*;X&";'&01*F#EE?*#D3=1*&'*"/&HE%)*I;IJ/#';*

FG03=3E?)* #'=* $%&1$%&G3$3=* F#EE?* #D3=* D&I$&13E3&'* 3'* ?;#1E,* 6,* 50$/#I&G,*

5E/0DE*,*8;GG*V3&D%;I,*AMNYPQ*AAB>AYT,*

U#J;/)*<,a,)*7#3I#)*4,)*7#/=;/)*`,)*C;;'%031)*+,)*#'=*!V)*Z,*ABBR,*73"%G?>

;FF3D3;'E*;G;DE/&E/#'1F&/I#E3&'*&F*E%;*?;#1E*!"#$%#&'"()*'+,*-).",*80//,*

Z;';E,*YMNRPQ*[^M>[A^,*

U#J;/)*<,a,)*5H#(3'")*Z,6,)*U#J;/)*U,)*!V)*Z,)*7#/=;/)*`,)*C;;'%031)*+,)*#'=*

7#3I#)* 4,* ABBY,* 8%/&I&1&I#G* E#/";E3'"* &F* /;$G3D#E3'"* $G#1I3=1* 3'* E%;*

?;#1E*!"#$%#&'"()*'+,*-).",*6,*Z;',*+3D/&J3&G,*A[TQ*YR^M>YRAW,*

U#/#")*:,5,)*<%#G3)*U,!,)*5#G;I)*7,)*#'=*!G3)*K,7,+,*ABT[,*9FF;DE1*&F*(#/3&01*

D#/J&'*#'=*'3E/&";'*1&0/D;1*&'*F0'"#G*G3$3=*$/&=0DE3&',*6,*!I,*-3G*8%;I,*

5&D,*W^Q*OBM>T^^,*



* A^A*

Z#/"#'&)* 5,)* @3* K#GG&)* Z,)* <&J#?#1%3)* Z,5,)* #'=* +#/;1D#)* V,* ABBM,* !*

E;I$;/#E0/;>1;'13E3(;* 1E/#3'* &F* !5$8*)'"$,"( 6")$&'"8&,* %#1* #'* #GE;/;=*

=;GE#*B>F#EE?*#D3=*=;1#E0/#1;*";';,*K3$3=1,*[^NA^PQ*TBB>B^W,*

Z;GG311;')*Z,*Y^^^,*7;E;/&G&"&01*$/&E;3'*$/&=0DE3&'*3'*I;E%?G&E/&$%3D*?;#1E1,*

!$$G,*+3D/&J3&G,*V3&E;D%'&G,*MRNWPQ*ORA>OM^,*

Z;GG311;')*Z,*Y^^Y,*V3&G&"?*#'=*#$$G3D#E3&'1,*S'*Z;GG311;')*Z,*N;=,P,*!"#$%#&'"((

)*'+,*-).",*`;3'%;3IQ*`3G;?>C87,*

Z3GG)* S,)* #'=* C#G3(;E?)* :,* ABBO,* 4&G?0'1#E0/#E;=* F#EE?* #D3=1)* 4#/E* YQ*

V3&E/#'1F&/I#E3&'1*#'=*J3&E;D%'&G&"3D#G*#$$G3D#E3&'1,*./;'=1*V3&E;D%'&G,*

AMNAAPQ*RO^>ROT,*

ZG;;1&')*+,!,)*#'=*50=J;/?)*4,9,*ABTT,*Z;';E3D*#'#G?131*3'*E%;*I;E%?G&E/&$%3D*

?;#1E*!"#$%#&'"()*'+,*-).",*L;#1E*,*RQ*YB[>[^[,*

Z&'_#G;_)*8,S,)*#'=*+#/E3')*8,9,*ABBW,*U#EE?*#D3=>/;1$&'13(;*D&'E/&G*&F*I:a!*

1E#J3G3E?,* \'1#E0/#E;=* F#EE?* #D3=>3'=0D;=* =;"/#=#E3&'* &F* E%;*

9"66."-*,+6%$*1234*E/#'1D/3$E,*6,*V3&G,*8%;I,*YOANRYPQ*YMT^A>YMT^B,*

7#';2#I$)* .,* Y^^[,* K3$3=* J3&1?'E%;131* d&'G3';e,* !(#3G#JG;* F/&IQ*

HHH,0H?&,;=0fI&G;DJ3&fK;DE0/;a&E;1f+-KVRWA^fVS-879+jK98.Y

ja9`\4@!.9,$$E,*dY^^R)*+#/D%*Y[e,*

7#')* Z,)* Z#JG;)* <,)* <&%GH;3')* 5,@,)* V;#0=&3')* U,)* a#$3;/)* 6,!,)* #'=* @0'')*

.,+,*Y^^Y,*.%;*9"66."-*,+6%$(6%-%:5$5"%*BCD4GNH*";';*;'D&=;1*E%;*[>

2;E&/;=0DE#1;* &F* E%;* I3D/&1&I#G* F#EE?* #D3=* ;G&'"#1;,* 6,* V3&G,* 8%;I,*

YOON[TPQ*[MRR^>[MRRB,**

7#'1;')* 7,)* #'=* 7&GG;'J;/")* 8,4,* ABBW,* !"#$%#&'"( )*'+,*-)."* N/56.5"(

"#7&$8"P,* S'*`&GF)*<,* N;=,P,*a&'>D&'(;'E3&'#G*L;#1E1* 3'*V3&E;D%'&G&"?,*

$$,*YB[>[AA,*7;3=;GJ;/"Q*5$/3'";/,*

7#'11&')*K,)*#'=*@&1E#G;2)*+,*ABTW,*9FF;DE*&F*D0GE0/;*D&'=3E3&'1*&F*F#EE?*#D3=*

D&I$&13E3&'*3'*G3$3=*$/&=0D;=*J?*?-+8*6*66&$("';5K**(#1*"';5K&$,*6,*!I,*

8%;I,*5&D,*W[Q*AAOB>AATR,*



* A^Y*

7#'11&')*K,)* #'=*@&1E#G;2)*+,*ABTT,*9FF;DE*&F*D0GE0/;*D&'=3E3&'1*&'*I?D;G3#G*

"/&HE%* #'=* $/&=0DE3&'* &F* γ>G3'&G;'3D* #D3=* J?* E%;* F0'"01* <*-85%-%''"(

-","##5"#",*!$$G,*+3D/&J3&G,*V3&E;D%'&G,*YTQ*YR^>YRW,*

7#'11&')* K,)* @&1E#G;2)* +,)* #'=* 5&/;'J?)* V,* ABTB,* 4/&=0DE3&'* &F* γ>G3'&G;'3D*

#D3=* * J?* E%;* F0'"01*<&6*-( -*&L55* 3'* F;=>J#ED%* #'=* D&'E3'0&01* D0GE0/;,*

!$$G,*+3D/&J3&G,*V3&E;D%'&G,*[AQ*YY[>YYO,*

7#/=3;)* @,Z,)* Z0?)* 4,5,)* #'=* 8&%;')* 4,* ABTA,* !D;E?G>8&!* D#/J&X?G#1;* #'=*

F#EE?* #D3=* 1?'E%#1;* F/&I* G#DE#E3'"* /#JJ3E* #'=* /#E* I#II#/?* "G#'=,*

+;E%&=1*9'_?I&G,*OAQ*YW>[[,*

7#/H&&=)*8,:,*ABT^,*4G#1I3=1,*5&D,*!$$G,*V#DE;/3&G,*5?I$,*5;/,*TQ*YO>M[,*

7#11G#D%;/)* +,)* S(;11#)* !,5,)* 4#GE#0F)* U,)* #'=* <&%GH;3')* 5,@,* ABB[,* !D;E?G>

8&!*D#/J&X?G#1;* F/&I*?;#1E* 31* #'* ;11;'E3#G* ;'_?I;*#'=* 31* /;"0G#E;=*J?*

F#DE&/1* E%#E* D&'E/&G* $%&1$%&G3$3=* I;E#J&G31I,* 6,* V3&G,* 8%;I,* YWTNAMPQ*

A^BRW>A^BMY,*

7;'/?)* 5,!,)* #'=* U&";G)* 5,* ABOA,* 5#E0/#E;=* F#EE?* #D3=*I0E#'E1* 3'* ?;#1E,*+&G,*

Z;',*Z;';E,*AA[NAPQ*A>AB,*

7&GG&H#?)*`,@,*ABT[,*8&I$&13E3&'*&F*F/03E)*(;";E#JG;*#'=*D;/;#G*=3;E#/?*F3J/;,*

6,*5D3,*U&&=*!"/3D,*[RNAAPQ*AY[W>AYR^,*

7&GI#')*:,.,*ABTW,*a0E/3E3&'#G*#'=*J3&D%;I3D#G*;(3=;'D;1*&F*#D?G*3'E;/#DE3&'*

H3E%*/;1$;DE*E&*;11;'E3#G*$&G?0'1#E0/#E;=*F#EE?*#D3=1,*4/&",*K3$3=*:;1,*YMQ*

YB>[B,*

7&//&J3')* @,U,* ABB^,* 4&1E>(3/#G* F#E3"0;* 1?'=/&I;)* (3/#G* 3'F;DE3&'1* 3'* #E&$3D*

;D_;I#)*#'=*;11;'E3#G*F#EE?*#D3=1,*+;=,*7?$&E%;1;1,*[YN[PQ*YAA>YAO,*

SE&%)*:,)*.&=#)*<,)*.#2#%#1%3)*7,)*.#2#'&)*7,)*#'=*<0/&3H#)*.,*ABBT,*@;GE#>B*

F#EE?*#D3=*=;1#E0/#1;*";';*D&'E#3'3'"*#*D#/J&X?G>E;/I3'#G*D?E&D%/&I;*JM*

=&I#3'*F/&I*E%;*/;=*#G"#*?+"#5K5*$6.+O*#(,%-*'"%,*80//,*Z;';E,*[[N[PQ*

AWM>AO^,*

6#IJ0%0G2#/)* C,)* #'=* 5%#'2%#$#G)* <,C,* ABBY,* 9FF;DE* &F* I3';/#G1* &'* G3$3=*

$/&=0DE3&'*J?*D.5O*)&$(#57-56"#$*&'*E#I#/3=*2;/';G*$&H=;/,*6,*U&&=*5D3,*

.;D%'&G,*YBQ*[[[>[[M,*



* A^[*

6#I;1)*@,`,6/,)* K3I)* 9,)*<;GG;/)* 6,)* 4G&&?)* S,)* :#G1E&')* 9,)* #'=*@&&';/)*7,<,**

ABBM,* @3/;DE;=* E#""3'"* &F* E%;* I-";5K*)$5$* U!..L* !8S@* 9K-aZ!>*

.S-aA* NU!9AP* ";';* H3E%* E%;* I#3_;* E/#'1$&1&'* #DE3(#E&/,* 4G#'E* 8;GG,*

ON[PQ*[^B>[AB,*

6#'&H3D_)* h,!,)* +;GJ;/)* <,)* +;/D2;GJ#D%)* !,)* 6#D&J1)* 9,)* 7#/F&/=)* a,)*

8&IJ;/J#D%)*+,)*#'=*7&GG;'J;/")*8,4,*ABBA,*53I0GE#';&01*;X$/;113&'*&F*

E%;* 5* #'=* K* 10/F#D;* #'E3";'1* &F* %;$#E3E31* V)* #'=* F&/I#E3&'* &F* I3X;=*

$#/E3DG;1* 3'* E%;* I;E%?G&E/&$%3D* ?;#1E)* !"#$%#&'"( )*'+,*-).",* L;#1E,*

ONMPQ*R[A>RR[,*

6#'E_;')* 9,)* #'=* K#11;')* 6,* ABT^,* 8%#/#DE;/3_#E3&'* &F* B%-$5#5"( 1$;D3;1* J?*

#'#G?131*&F*H%&G;>D;GG*F#EE?*#D3=1,*S'E,*6,*5?1E,*V#DE;/3&G,*[^Q*RYA>RYT,*

6#H&/123)* :,* ABTO,* \'010#G* $/&G3F;/#E3'"* E/3D%3G;II#G* D?1E,* !I,* 6,*

@;/I#E&$#E%&G,*BNMPQ*RMB>RWA,*

6;/';]D)* <,)* C;'=/#I3')* +,)* #'=* 83I;/I#')* !,* ABTB,* K3$3=* D&I$&13E3&'* &F*

I$)%-75''&$( #57%-* 3'* D3E/3D* #D3=* #DD0I0G#E3'"* #'=* '&'* #DD0I0G#E3'"*

D&'=3E3&'1,*9'_,*+3D/&J3&G,*.;D%'&G,*AAQ*RMY>RMW,*

6&%'1&')*@,:,)*<'&GG)*K,6,)*K;(3')*@,9,)*#'=*Z&/=&')*6,S,*ABBR,*9"66."-*,+6%$*

6%-%:5$5"%*D&'E#3'1*F&0/*F#EE?*#D3=*#DE3(#E3&'*NU!!P*";';1,*!'*#11;11I;'E*

&F* E%;3/* /&G;* 3'* /;"0G#E3'"* $/&E;3'* P>I?/31E&?G#E3&'* #'=* D;GG0G#/* G3$3=*

I;E#J&G31I,*6,*8;GG*V3&G,*AYON[PQ*OMA>OWY,*

6&1E;'1;')*6,4,)*#'=*K#'=F#G=)*V,*ABBW,*S'FG0;'D;*&F*"/&HE%*D&'=3E3&'1*&'*F#EE?*

#D3=* D&I$&13E3&'* &F* #* $&G?0'1#E0/#E;=>F#EE?>#D3=>$/&=0D3'"* Q5;-5*(

1$;D3;1,*!/D%,*+3D/&J3&G,*AWMNMPQ*[^W>[A^,*

<#]3H#/#)*5,)*-0/#)*.,)*#'=*5%31%3=&)*<,*Y^^A,*8G&'3'"*&F*#*F#EE?*#D3=*1?'E%#1;*

D&I$&';'E*RI94* ";';* F/&I* 9"66."-*,+6%$( S'&+:%-5* #'=* 3E1* F0'DE3&'#G*

D&I$G;I;'E#E3&'*&F*9J(6%-%:5$5"%*T"$4*I0E#'E,*L;#1E,*ATNARPQ*A[[B>A[RM,*

<#';=#)* .,* ABBA,* S1&>* #'=* #'E;31&>F#EE?* #D3=1* 3'* J#DE;/3#Q* J3&1?'E%;131)*

F0'DE3&')*#'=*E#X&'&I3D*13"'3F3D#'D;,*+3D/&J3&G,*:;(,*MMNYPQ*YTT>[^Y,*



* A^R*

<#E;1)* +,)* #'=* V#XE;/)* :,+,* ABWY,* K3$3=* D&I$&13E3&'* &F* I;1&$%3G3D* #'=*

$1?D%/&$%3G3D* ?;#1E1* N?"#K5K"* 1$;D3;1P* #1* 3'FG0;'D;=* J?* ;'(3/&'I;'E#G*

E;I$;/#E0/;,*8#',*6,*+;=,*5D3,*R^QAYA[>AYYO,*

<#E;1)* +,)* #'=* 4#/#=31)* +,* ABO[,* 4%&1$%&G3$3=* =;1#E0/#E3&'* 3'* ?"#K5K"(

'5)*'+856"* #1* #* F0'DE3&'* &F* E;I$;/#E0/;* #'=* "/&HE%,* 8#',* 6,* V3&D%;I,*

MANYPQ*ATR>ABO,*

<&%GH;3')*5,@,)*9=;/)*5,)*-%)*8,5,)*+#/E3')*8,9,)*Z#JG;)*<,)*V#D32&(#)*@,)*#'=*

@0'')*.,*Y^^A,*.1DA[$*31*/;b03/;=*F&/*F#EE?*#D3=*;G&'"#E3&'*#'=*G&D#G3_;1*

E&* #* '&(;G* 1E/0DE0/;* #E* E%;* '0DG;#/>(#D0&G#/* 3'E;/F#D;* 3'* 9"66."-*,+6%$(

6%-%:5$5"%,*+&G,*8;GG*V3&G,*YANAPQ*A^B>AYM,*

<&EE3")*7,)* :&EE';/)*Z,)* V;D2)*<,U,)* 5D%H;3_;/)*+,)* #'=* 5D%H;3_;/)* 9,* ABBA,*

.%;* $;'E#F0'DE3&'#G* RI94* ";';1* &F* 9"66."-*,+6%$( 6%-%:5$5"%* #'=*

B"--*H5"*'5)*'+856"*#/;*D&>G3';#/*#'=*D&'13=;/#JG?*G&'";/*E%#'*$/;(3&01G?*

;1E3I#E;=,*+&G,*Z;',*Z;';E,*YYWQ*[A^>[AR,*

K#11';/)*+,`,)*K#/=3_#J#G)*<,)*#'=*+;E_)*6,Z,*ABBW,*!* ]&]&J#*J;E#><;E&#D?G>

8&!* 1?'E%#1;* D@a!* D&I$G;I;'E1* E%;* D#'&G#* F#EE?* #D3=* ;G&'"#E3&'*

I0E#E3&'*3'*E/#'1";'3D*$G#'E1,*4G#'E*8;GG,*TNYPQ*YTA>YBY,*

K;;)* `,+,)* #'=* !%Gb031E)* 4,* Y^^[,* +;IJ/#';* 1?'E%;131)* 1$;D3F3D* G3$3=*

/;b03/;I;'E1)* #'=* G&D#G3_;=* G3$3=*D&I$&13E3&'*D%#'";1*#11&D3#E;=*H3E%*#*

$&13E3(;>1E/#'=* :a!* (3/01* :a!* /;$G3D#E3&'* $/&E;3',* 6,* C3/&G,* OONY[PQ*

AYTAB>AYTYT,*

K;%'3'";/)*!,K,*ABBO,*U#EE?*#D3=*=;1#E0/#E3&'*/;G#E3&'1%3$*&F*D#/J&%?=/#E;*#'=*

F#EE?* #D3=* I;E#J&G31I* d&'G3';e,* !(#3G#JG;* F/&IQ* HHH,D%;IJ3&,*

0&"0;G$%,D#*f*;=0DI#E*f*D%I[MW*f*[MW^GYY,$=F,*dY^^R)*+#/D%*YYe,*

K3J;/E3'3)*K,6,)*#'=*5I3E%)*5,*ABOT,*40/3F3D#E3&'*#'=*$/&$;/E3;1*&F*#*E%3&;1E;/#1;*

F/&I*G#DE#E3'"*/#E*I#II#/?*"G#'=*H%3D%*I&=3F3;1*E%;*$/&=0DE*1$;D3F3D3E?*

&F*F#EE?*#D3=*1?'E%;E#1;,*6,*V3&G,*8%;I,*YM[NMPQ*A[B[>AR^A,*

K3)* 5,6,)* #'=*8/&'#')* 6,9,6/,* ABBY,* .%;* ";';* ;'D&=3'"* E%;* J3&E3'* D#/J&X?G#1;*

10J0'3E* &F* 3$6.%-56.5"( 6*'5* #D;E?G>8&!* D#/J&X?G#1;,* 6,* V3&G,* 8%;I,*

YWONYPQ*TMM>TW[,*



* A^M*

K&"0;)* 6,!,)* =;* C/3;1)* !,K,)* U&=&/)* 9,)* #'=* 8&113'1)* !,:,* Y^^^,* K3$3=*

D&I$&13E3&'#G*D&//;G#E;1*&F*E;I$;/#E0/;>#=#$E3(;*3'E;/1$;D3F3D*=3FF;/;'D;1*

3'*I;IJ/#';*$%?13D#G*1E/0DE0/;,*6,*9X$,*V3&G,*ARQ*YA^M>Y^AM,*

K&1)*@,!)*:#?)*+,<,)* #'=*+0/#E#)*a,*ABBO,*@3FF;/;'D;1* 3'* E%;*D&'E/&G*&F* E%;*

E;I$;/#E0/;>=;$;'=;'E* ;X$/;113&'* &F* F&0/* ";';1* F&/* =;1#E0/#1;1* 3'*

9+#%6.*6+$85$*1$,*488*WT^[,*+&G,*+3D/&J3&G,*YMNWPQ*AAWO>AAOM,*

K0&)*8,)*+D5H#3')* 6,K,)*.0D2;/)* 6,5,)*5#0;/)* 6,:,)* #'=*911;'J;/")*:,8,*ABBO,*

8G&'3'"*#'=*1;b0;'D;*&F*#*";';*F&/* E%;*%&I&G&"0;*&F* E%;*1E;#/&?G*8&!*

=;1#E0/#1;* F/&I* 1#G3(#/?* "G#'=1* &F* E%;* E3D2* I,;'+*,,"( ",%-56"#&,,*

S'1;DE*+&G,*V3&G,*WN[PQ*YWO>YOA,*

+#EE%;H1)*8,)* (#'*7&G=;)*<,9,)* #'=*!%;/')*<,* N;=1,P,* Y^^^,*V3&D%;I31E/?,* $,*

AATW>AY^R,*:;=H&&=*83E?Q*V;']#I3'f80II3'"1,*

+#?;/)* !,U,)* 7;GGI0E%)* <,)* 5D%G3;2;/)* 7,)* K&$;_>\G3J#//3)* :,)* -;/E;G)* 5,)*

@#%G;I1)* \,)* 5E/#11;/)* !,`,)* #'=* (#'* K&&')*!,4,* ABBB,*!'* ;X$/;113&'*

1?1E;I*I#E0/;1Q*#*%3"%G?*;FF3D3;'E*#'=*D&1E>;FF;DE3(;*$/&D;11* F&/*$%?E#1;*

$/&=0DE3&'*J?*/;D&IJ3'#'E*1E/#3'1*&F*!"#$%#&'"()*'+,*-).",*V3&E;D%'&G,*

V3&;'",*W[N[PQ*[O[>[TA,*

+D8#/E%?)* !,@,)* #'=* 7#/=3;)* @,Z,* ABT[,* .%;* I0GE3F0'DE3&'#G* $&G?$;$E3=;*

D%#3'1* &F* /#JJ3E>I#II#/?* F#EE?>#D3=* 1?'E%#1;,* 5E&3D%3&I;E/?* &F* #DE3(;*

13E;1*#'=*#DE3(;>13E;*I#$$3'"*013'"*G3I3E;=*$/&E;&G?131,*90/,*6,*V3&D%;I,*

A[^NAPQ*ATM>AB[,*

+D@&'&0"%)* C,+,)* 5E02;?)* 6,9,)* #'=* +#/E3')* 8,9,* ABBY,* 5$;D3F3D3E?* &F*

0'1#E0/#E;=* F#EE?* #D3=>/;"0G#E;=* ;X$/;113&'* &F* E%;* 9"66."-*,+6%$(

6%-%:5$5"%*1234*";';,*6,*V3&G,*8%;I,*YWONBPQ*MB[A>MB[W,*

+DSG%3'';?)* :,!,* ABBT,* +;IJ/#';* E#/";E3'"* (3#* $/&E;3'* a>I?/31E&?G#E3&',*

+;E%&=1*+&G,*V3&G,*TTQ*YAA>YYM,*

+D<;&')*.,!,)*#'=*5E0I$F)*4,<,*ABTY,*40/3F3D#E3&'*#'=*D%#/#DE;/3_#E3&'*&F*E%;*

1E;#/&?G>#D?G* D#//3;/* $/&E;3'* =;1#E0/#1;* #'=* E%;* #D?G>#D?G* D#//3;/* $/&E;3'*

E%3&;1E;/#1;* F/&I*I#E0/3'"* 1;;=1* &F* 1#FFG&H;/,* 6,* V3&G,* 8%;I,* YMONY^PQ*

AYARA>AYARO,*



* A^W*

+;;1E;/1)*4,!,)*#'=*9""3'2)*Z,*ABBW,*S1&G#E3&'*#'=*D%#/#DE;/3_#E3&'*&F*#*=;GE#>B*

F#EE?* #D3=* =;1#E0/#1;* ";';* F/&I* E%;* &G;#"3'&01* ?;#1E* ?-+)8*6*66&$(

6&-:"8&$*8V5*MO^,*L;#1E,*AYNTPQ*OY[>O[^,*

+;;1E;/1)*4,!,)*5$/3'";/)* 6,)*#'=*9""3'2)*Z,*ABBO,*8G&'3'"*#'=*;X$/;113&'*&F*

E%;*=;GE#*B*F#EE?*#D3=*=;1#E0/#1;*";';*F/&I*?-+)8*6*66&$(6&-:"8&$*!.88*

Y^M^B* D&'E#3'3'"* %31E3=3';* J&X;1* #'=* #* D?E&D%/&I;* JM* =&I#3',* !$$G,*

+3D/&J3&G,*V3&E;D%'&G,*RONWPQ*WW[>WWO,*

+;'=&_#>C;"#)*-,)*5#J#E3;)*6,)*#'=*V/&H')*5,`,*ABBR,*S'=01E/3#G*$/&=0DE3&'*&F*

%;E;/&G&"&01* $/&E;3'1* J?* F;=>J#ED%* D0GE0/;1* &F* E%;* ?;#1E*9"66."-*,+6%$(

6%-%:5$5"%,*U9+5*+3D/&J3&G,*:;(,*AMNRPQ*[WB>RA^,*

+3GG#/)*!,!,)*#'=*<0'1E)*K,*ABBB,*.%;*'#E0/#G*";';E3D*(#/3#E3&'*&F*E%;*F#EE?>#D?G*

D&I$&13E3&'* &F* 1;;=* &3G1* 3'* =3FF;/;'E* ;D&E?$;1* &F*I-";5K*)$5$( 8."'5"#",*

4%?E&D%;I31E/?,*MYNWPQ*A^YB>A^[[,*

+3b0;G)* +,)* 6#I;1)* @,6/,)* @&&';/)* 7,)* #'=* V/&H1;)* 6,* ABB[,* I-";5K*)$5$(

/;b03/;1*$&G?0'1#E0/#E;=* G3$3=1* F&/* G&H>E;I$;/#E0/;* 10/(3(#G,*4/&D,*a#EG,*

!D#=,*5D3,*\5!,*B^NA[PQ*WY^T>WYAY,*

+31%3'#)*+,)*<#I3/?&)*.,)*.#'#2#)*!,)*U0203)*5,)*#'=*a0I#)*5,*ABOW,*!D;E?G>

D&;'_?I;>!* D#/J&X?G#1;* &F* ?"#K5K"( '5)*'+856",* :;"0G#E3&'* &F* D;GG0G#/*

D&'E;'E*#'=*1?'E%;131*&F*E%;*;'_?I;,*90/,*6,*V3&D%;I,*OANAPQ*[^A>[^T,*

+&//31&')*`,:,)*#'=*5I3E%)*K,+,*ABWR,*4/;$#/#E3&'*&F*F#EE?*#D3=*I;E%?G*;1E;/1*

#'=* =3I;E%?G#D;E#G1* F/&I* G3$3=1* H3E%* J&/&'* FG0&/3=;>I;E%#'&G,* 6,* K3$3=*

:;1,*M[Q*W^^>W^T,*

+&11)* 8,`,* ABB^,* .%;* 01;* &F* D;GG0G#/* F#EE?* #D3=1* F&/* 3=;'E3F3D#E3&'* &F*

I3D/&&/"#'31I1,* S'* U&X)* !,* N;=P,* !'#G?E3D#G* I3D/&J3&G&"?* I;E%&=1)*

D%/&I#E&"/#$%?* #'=*I#11* 1$;DE/&I;E/?,* $$,* MB>WB,*a;H*L&/2Q* 4G;'0I*

4/;11,*

+0/#E#)* a,)* #'=* K&1)* @,!,* ABBO,* +;IJ/#';* FG03=3E?* #'=* E;I$;/#E0/;*

$;/D;$E3&',*4G#'E*4%?13&G,*AAMN[PQ*TOM>TOB,*

a#$3;/)* 6,!)* +3D%#;G1&')* K,C,)* #'=* 5E&J#/E)* !,<,* ABBB,* 4G#'E* =;1#E0/#1;1Q*

%#/(;1E3'"*E%;*F#E*&F*E%;*G#'=,*80//,*-$3',*4G#'E*V3&G,*YNYPQ*AY[>AYO,*



* A^O*

a&_#H#)* L,)* #'=* <#1#3)* :,* ABOT,* +;D%#'31I* &F* E%;/I#G* #=#$E#E3&'* &F*

I;IJ/#';*G3$3=1*3'*>%8-".+,%#"()+-5T*-,5$*a.>A,*4&113JG;*;(3=;'D;*F&/*

E;I$;/#E0/;>I;=3#E;=* 3'=0DE3&'* &F* $#GI3E&?G>8&!* =;1#E0/#1;,* V3&D%3I,*

V3&$%?1,*!DE#,*MYBNAPQ*MR>WW,*

aE#IJ3)* 6,+,)*V0%/&H)*5,!,)*<#;1E';/)*<,7,)*8%/31E?)*:,6,)* 53JG;?)*9,)*<;GG?)*

.,6,6/)**#'=*K#';)*+,@,*ABTT,*@3FF;/;'E3#E3&'>3'=0D;=*";';*;X$/;113&'*3'*

[.[>KA*$/;#=3$&D?E;1,*8%#/#DE;/3_#E3&'*&F*#*=3FF;/;'E3#GG?*;X$/;11;=*";';*

;'D&=3'"*1E;#/&?G>8&!*=;1#E0/#1;,*6,*V3&G,*8%;I,*YW[N[[PQ*AOYBA>AO[^^,*

-lV/3;')*6,5,)*U3GG;/0$)*@,K,)*#'=*+;#=)*6,U,*ABWR,*V/#3'*G3$3=1Q*b0#'E3F3D#E3&'*

#'=*F#EE?*#D3=*D&I$&13E3&'*&F*D;/;J/&13=;*10GF#E;*3'*%0I#'*D;/;J/#G*"/#?*

#'=*H%3E;*I#EE;/,*6,*K3$3=*:;1,*MQ*A^B>AAW,*

-%)*8,5,)*.&2;)*@,!,)*+#'=#G#)*5,)*#'=*+#/E3')*8,9,*ABBO,*321E*#'=*321U)*

%&I&G&"1*&F* E%;*9"66."-*,+6%$(6%-%:5$5"%*3214*";';)*F0'DE3&'*3'*F#EE?*

#D3=* ;G&'"#E3&'* #'=* #/;* /;b03/;=* F&/* 1$%3'"&G3$3=* F&/I#E3&',* 6,* V3&G,*

8%;I,*YOYQ*AO[OW>AO[TR,*

-%G/&"";)* 6,)* #'=*V/&H1;)* 6,* ABBM,* K3$3=* J3&1?'E%;131,* 4G#'E*8;GG,* ONOPQ* BMO>

BO^,*

4#$;'=3;D2)* !,)* @#%G;I1)* \,)* #'=* Z;GG311;')* Z,* Y^^Y,* .;D%'3D#G* ;'_?I;*

$/&=0DE3&'*#'=*H%&G;>D;GG*J3&D#E#G?131,* S'*Z;GG311;')*Z,* N;=,P*!"#$%#&'"(

)*'+,*-).">J3&G&"?* #'=* #$$G3D#E3&'1,* $$,* YMM>YOA,* `;3'%;3IQ* `3G;?>

C87,*

4%#EE%#'&')* 4,* Y^^R,* +&G;D0G#/* DG&'3'"* &F* F#EE?* #D3=* ;G&'"#1;* ";';1* 3'*

I;E%?G&E/&$%3D* ?;#1E*!"#$%#&'"()*'+,*-)."J(.%;131*+#1E;/*=;"/;;,* $$,*

A>[^,* @;$#/EI;'E* &F* V3&E;D%'&G&"?)* Z/#=0#E;* 5D%&&G* &F* 9'"3';;/3'")*

-1#2#*\'3(;/13E?)*6#$#',*

4&1E>V;3EE;'I3GG;/)* @,* ABBW,* V3&D%;I31E/?* #'=* I&G;D0G#/* J3&G&"?* &F* H#X*

$/&=0DE3&'*3'*$G#'E1,*!''0,*:;(,*4G#'E*4%?13&G,*4G#'E*+&G,*V3&G,*ROQ*R^M>

R[^,*



* A^T*

4/3D2;EE)* 6,@,)* :&J3'1&')* @,:,)* #'=* 5E;3'J;/")* !,@,* ABT[,* 9FF;DE1* &F* =3;E#/?*

;'/3D%I;'E* H3E%* ;3D&1#$;'E#;'&3D* #D3=* 0$&'* #0E&3II0';* ';$%/3E31* 3'*

F;I#G;*ahV*k*ah`fUA*I3D;,*!/E%/3E31,*:%;0I,*YWNYPQ*A[[>A[B,*

40"%)* 9,K,)* #'=* <#E;1)* +,* ABO[,* @;1#E0/#E3&'* &F* $%&1$%#E3=?GD%&G3';* #'=*

$%&1$%#E3=?G;E%#'&G#I3';* J?* #* I3D/&1&I#G* ;'_?I;* 1?1E;I* F/&I*

?"#K5K"('5)*'+856",*V3&D%3I,*V3&$%?1,*!DE#,*[AWN[PQ*[^M>[AW,*

:#DG&E)*.,)*#'=*Z/&1D&G#1)*:,*ABB[,*@3FF;/;'E3#G*I&J3G3_#E3&'*&F*H%3E;*#=3$&1;*

E3110;* F#EE?* #D3=1* #DD&/=3'"* E&* D%#3'* G;'"E%)* 0'1#E0/#E3&')* #'=*$&13E3&'#G*

31&I;/31I,*6,*K3$3=*:;1,*[RNBPQ*AMAM>AMYW,**

:#GE&')* 6,9,)* #'=* +D8&'(3GG;)* +,6,* ABBT,* @;G3';#E3&'* &F* E%/;;* $#E%H#?1* &F*

"G?D&1?G$%&1$%#E3=?G3'&13E&G* J3&1?'E%;131* 3'* 2%5$.,"#5"( ,%L56"#",*

4/;D0/1&/1* F/&I* =3FF;/;'E* $#E%H#?1* #/;* #11;IJG;=* &'* =31E3'DE* $&&G1* &F*

$%&1$%#E3=?G3'&13E&G* #'=* 0'=;/"&* F#EE?* #D3=* /;I&=;G3'",* 6,* V3&G,* 8%;I,*

YO[NOPQ*RYRM>RYMO,*

:#H')*6,*@,*N;=,P,*ABTB,*V3&D%;I31E/?,*$,*RRR,*N',$,PQ*4/;'E3D;*7#GG,*

:;1'3D2)*+,!,)* #'=*+&/E3I;/)* :,<,* ABWW,* \'1#E0/#E;=* F#EE?* #D3=*I0E#'E1* &F*

9"66."-*,+6%$(6%-%:5$5"%,*6,*V#DE;/3&G,*BYN[PQ*MBO>W^^,*

:&";/1)* K,)* <&G#EE020=?)* 4,9,)* #'=* =;:;'&J#G;1)* +,* ABTY,* 40/3F3D#E3&'* #'=*

D%#/#DE;/3_#E3&'* &F* 5>#D?G* F#EE?* #D3=* 1?'E%#1;* E%3&;1E;/* %?=/&G#1;* H%3D%*

I&=3F3;1* E%;* $/&=0DE* 1$;D3F3D3E?* &F* F#EE?* #D3=* 1?'E%#1;* 3'* E%;* 0/&$?"3#G*

"G#'=*&F*I#GG#/=,*6,*V3&G,*8%;I,*YMONYPQ*TT^>TTW,*

:&I#'&1)*+,!,)*5D&/;/)*8,!,)*#'=*8G#/;)*6,6,*ABBY,*U&/;3"'*";';*;X$/;113&'*3'*

?;#1EQ*#*/;(3;H,*L;#1E,*TNWPQ*RY[>RTT,*

:&11G;/)* 7,)* :3;D2)* 8,)* @;G&'")* .,)* 7&]#)* \,)* #'=* 5D%H;3_;/)* 9,* Y^^[,*

U0'DE3&'#G* =3FF;/;'E3#E3&'* #'=* 1;G;DE3(;* 3'#DE3(#E3&'* &F* I0GE3$G;*

9"66."-*,+6%$( 6%-%:5$5"%* ";';1* 3'(&G(;=* 3'* (;/?>G&'">D%#3'* F#EE?* #D3=*

1?'E%;131,*+&G,*Z;';E,*Z;'&I3D1,*YWBNYPQ*YB^>YBT,**

:011;GG)*@,6,)*<'&GG)*K,6,)*:&HG;?)*a,)*#'=*Z&/=&')*6,S,*ABBR,*Z;';E3D*#'#G?131*

&F* E%;* /&G;* &F* 9"66."-*,+6%$( 6%-%:5$5"%* #D?G>8&!* 1?'E%;E#1;* ";';1* 3'*



* A^B*

/;"0G#E3'"* $/&E;3'* P>I?/31E&?G#E3&',* 6,* V3&G,* 8%;I,* YWBNYOPQ* AT^[O>

AT^RW,*

5#IJ/&&2)* 6,)* U/3E1D%)* 9,U,)* #'=* +#'3#E31)* .,* ABTB,* +&G;D0G#/* 8G&'3'">!*

K#J&/#E&/?* +#'0#G,* 5;D&'=* ;=3E3&',* $$,* B,[A>B,RR,* a;H* L&/2Q* 8&G=*

5$/3'"*7#/J&/,*

5#2#I&E&)*.,)*`#=#)*7,)*a31%3=#)*S,)*-%I&/3)*+,)*#'=*+0/#E#)*a,*ABBR,*@;GE#*B*

!D?G>G3$3=*=;1#E0/#1;1*&F*D?#'&J#DE;/3#,*+&G;D0G#/*DG&'3'"*#'=*10J1E/#E;*

1$;D3F3D3E3;1*3'*E;/I1*&F*F#EE?*#D3=1)*1'>$&13E3&'1)*#'=*$&G#/*%;#=*"/&0$1,*6,*

V3&G,*8%;I,*YWBNRAPQ*YMMOW>YYMT^,*

5#'D%;_*4;/;_)*+,:,)*Z#G(;_*SJ#';_)*+,)*+#/E3'*:&JG;1)*+,)*Z#/D3#*+3/&')*8,)*

Z#/D3#* U;/'#'=;_)* 9,)* #'=* 63I;';_* K3'#')* :,+,* ABBR,* S'FG0;'D;* &F* E%;*

1&D3&;D&'&I3D* #'=* D0GE0/#G* G;(;G* &'* E%;* 01;* &F* D&'E/#D;$E3(;* I;E%&=1,*

!E;',*4/3I#/3#,*A[NTPQ*RYW>R[^,*

5D%#;F;/)* 5,)* 43&'E;2)* +,)* !%')* 5>6,)* 4#$;'=3;D2)* !,)* 6#'&H3D_)* h,!,)* #'=*

Z;GG311;')*Z,* Y^^A,* :;D&IJ3'#'E*7;$#E3E31*V* (#DD3';1Q* D%#/#DE;/3_#E3&'*

&F* E%;* (3/#G* =31;#1;* #'=*(#DD3';*$/&=0DE3&'* 3'* E%;*I;E%?G&E/&$%3D*?;#1E)*

!"#$%#&'"( )*'+,*-)."J* S'* @;IJ&H12?)* <,)* #'=* 5E#=G;/)* 4,* N;=1,P,*

.%;/#$;0E3D* $/&E;3'1>1;G;DE;=* D#1;* 1E0=3;1,* $$,* YRM>YOR,* `;3'%;3IQ*

`3G;?>C87,*

5D%#;F;/)* 5,)* 43&'E;2)* +,)* !%')* 5>6,)* 4#$;'=3;D2)* !,)* 6#'&H3D_)* h,!,)*

.3II;/I#'1)* S,)* #'=* Z;GG311;')* Z,* Y^^Y,* :;D&IJ3'#'E* 7;$#E3E31* V*

(#DD3';1>=31;#1;* D%#/#DE;/3_#E3&'* #'=* (#DD3';* $/&=0DE3&',* S'* Z;GG311;')*

Z,* N;=,P,*!"#$%#&'"( )*'+,*-).">J3&G&"?* #'=* #$$G3D#E3&'1,* $$,* AOM>YA^,*

`;3'%;3IQ*`3G;?>C87,*

5D%';3E;/)* :,)* .#E_;/)* C,)* Z&"")* Z,)* K;3E';/)* 9,)* #'=* <&%GH;3')* 5,@,* Y^^^,*

9G&A$>=;$;'=;'E*D#/J&X?>E;/I3'#G*;G&'"#E3&'*&F*8ARQA*@;GE#NBP*E&*8AWQA*

@;GE#NAAP*F#EE?*#D3=1*3'*9"66."-*,+6%$(6%-%:5$5"%,*6,*V#DE;/3&G,*ATYNA[PQ*

[WMM>[WW^,*



* AA^*

5D%0GE_)* @,6,)* 50%)* +,8,)* #'=* -%G/&"";)* 6,V,* Y^^^,* 5E;#/&?G>#D?G* D#//3;/**

$/&E;3'* #'=* 0'010#G* #D?G>#D?G* D#//3;/* $/&E;3'* =;1#E0/#1;* #DE3(3E3;1* #/;*

=3FF;/;'E3#GG?*3'FG0;'D;=*J?*F;//;=&X3',*4G#'E*4%?13&G,*AYRNYPQ*WTA>WBY,*

5D%H;3_;/)*9,)*<'3;$)*V,)*8#1E&/$%)*7,)*#'=*7&G_';/)*\,*ABO[,*4#'E;E%;3';>F/;;*

I0E#'E1* &F* E%;* ?;#1E* F#EE?>#D3=>1?'E%;E#1;* D&I$G;X,* 90/,* 6,* V3&D%;I,*

[BNYPQ*[M[>[WY,*

5D%H;3_;/)*9,)*`;/2I;31E;/)*<,)*#'=*6#3')*+,<,*ABOT,*U#EE?*#D3=*J3&1?'E%;131*

3'*?;#1E,*+&G,*8;GG*V3&D%;I,*YANYPQ*BM>A^O,*

5D&EE)*`,!,*ABOO,*+0E#E3&'1*/;10GE3'"*3'*#'*0'1#E0/#E;=*F#EE?*#D3=*/;b03/;I;'E*

3'* P%&-*$)*-",* 9(3=;'D;* F&/* =;GE#B>=;1#E0/#1;* =;F;DE1,* V3&D%;I31E/?,*

AWNYRPQ*MYOR>MYT^,*

5;E&)* !,)*`#'")* 7,K,)* #'=* 7;11;GE3';)* 8,`,* ABTR,* 80GE0/;* D&'=3E3&'1* #FF;DE*

;3D&1#$;'E#;'&3D* #D3=* D&'E;'E* &F* ?.'*-%''"( ,5#&85$$5,",* 6,* !I,* -3G*

8%;I,*5&D,*WAQ*TBYmTBR,*

5%;/I#')*U,)*U3'2)*Z,:,)*#'=*73D21)*6,V,a,*ABTW,*+;E%&=1*3'*L;#1E*Z;';E3D1,*

!*K#J&/#E&/?*8&0/1;*+#'0#G,*a;H*L&/2Q*8&G=*5$/3'"*7#/J&/,*

5%3I#2#E#)* .,)* #'=* 5E0I$F)* 4,<,* ABTY#,* 40/3F3D#E3&'* #'=* D%#/#DE;/3_#E3&'1*******

&F* J;E#><;E&#D?G>d#D?G>D#//3;/>$/&E;3'e* /;=0DE#1;)* J;E#>%?=/&X?#D?G>

d#D?GD#//3;/>$/&E;3'e*=;%?=/#1;)*#'=*;'&?G>d#D?G>D#//3;/>$/&E;3'e*/;=0DE#1;*

F/&I*9)5#"65"**'%-"6%"(G;#(;1,*!/D%,*V3&D%;I,*V3&$%?1,*YATNAPQ*OO>BA,*

5%3I#2#E#)* .,)* #'=* 5E0I$F)* 4,<,* ABTYJ,* .%;* $/&D#/?&E3D* '#E0/;* &F* E%;* F#EE?*

#D3=*1?'E%;E#1;*&F*=;(;G&$3'"*?"-8.",&$(85#68*-5&$*K,*N5#FFG&H;/P*1;;=1,*

!/D%,*V3&D%;I,*V3&$%?1,*YAONAPQ*ARR>AMR,*

53'DG#3/)*!,6,)*+DK;#')* 6,Z,)* #'=*+&'";/)*9,!,*ABOB,*+;E#J&G31I*&F* G3'&G;3D*
#D3=*3'*E%;*D#E,*K3$3=1,*ARNAAPQ*B[Y>B[W,*

5G#J#1)*!,:,)*#'=*U#HD;EE)*.,*ABBY,*.%;*J3&D%;I31E/?*#'=*I&G;D0G#/*J3&G&"?*&F*

$G#'E*G3$3=*J3&1?'E%;131,*4G#'E*+&G,*V3&G,*ABNAPQ*AWB>ABA,*

5I3E%)* `,K,* ABTW,* 4/&1E#"G#'=3'* J3&1?'E%;131* #'=* 3E1* D&I$#/EI;'E#E3&'* 3'*

(#1D0G#/* 1I&&E%* I01DG;* #'=* ;'=&E%;G3#G* D;GG1,* !''0,* :;(,* 4%?13&G,* RTQ*

YMA>YWY,*



* AAA*

5I3E%)* 5,`,)* #'=* K;1E;/)* :,K,* ABOR,* S'&13E&G* $%&1$%&/?GD;/#I3=;)* #* '&(;G*

10J1E#'D;*#'=*E%;*D%3;F*I;IJ;/*&F*#*I#]&/*"/&0$*&F*?;#1E*1$%3'"&G3$3=1*

D&'E#3'3'"* #* 13'"G;* 3'&13E&G* $%&1$%#E;,* 6,* V3&G,* 8%;I,* YRBNAAPQ* [[BM>

[R^M,*

5&%')* 6,7,)*8%&3)*9,5,)*<3I)*8,7,)*!"#$%&'&()*+,-,)*.;/>!(#';1?#')*+,@,)*

:%;;)* 6,5,)* #'=* :%;;)* 5,<,* ABBW,* !* '&(;G* #0E&'&I&01G?* /;$G3D#E3'"*

1;b0;'D;* N!:5P* F&/* I0GE3$G;* 3'E;"/#E3&'* 3'* E%;* ?;#1E* !"#$%#&'"(

)*'+,*-)."*@K>A,*6J*V#DE;/3&G,*AOTNAMPQ*RRY^>RRYT,*

5$/;D%;/)*7,*ABTA,*V3&D%;I31E/?*&F*;11;'E3#G* F#EE?*#D3=1,*4/&",*K3$3=*:;1,*Y^Q*

A[>YY,*

5E&&F)* .,6,)* <&/1E#'];)* +,6,)* V3G&)* 7,6,)* 5E#/3'2)* .,+,)* 70G1I#'1)* :,U,)* #'=*

@&'2;/)* !,6,* ABTB,* @&;1* F31%* &3G* $/&E;DE* /;'#G* F0'DE3&'* 3'* D?DG&1$&/3'>

E/;#E;=*$1&/3#131*$#E3;'E1n,*6,*S'E;/',*+;=,*YYWNWPQ*R[O>RRA,*

5E&&$1)* 6,<,)* !H#=)* 9,5,)* !/1G#'3#')* +,6,)* Z0'1J;/")* 5,)* `#23G)* 5,6,)* #'=*

-G3(;/)* :,+,* ABOT,* 5E0=3;1* &'* E%;* ?;#1E* F#EE?* #D3=* 1?'E%;E#1;,* 50J0'3E*

D&I$&13E3&'* #'=* 1E/0DE0/#G* &/"#'3_#E3&'* &F* #* G#/";* I0GE3F0'DE3&'#G*

;'_?I;*D&I$G;X,*6,*V3&G,*8%;I,*YM[NAYPQ*RRWR>RROM,*

5E02;?)* 6,9,)* +D@&'&0"%)* C,+,)* #'=* +#/E3')* 8,9,* ABTB,* S1&G#E3&'* #'=*

D%#/#DE;/3_#E3&'* &F*1234)* #* ";';* #FF;DE3'"* F#EE?* #D3=* =;1#E0/#E3&'* F/&I*

9"66."-*,+6%$(6%-%:5$5"%,*6,*V3&G,*8%;I,*YWRNYTPQ*AWM[O>AWMRR,*

5E02;?)* 6,9,)*+D@&'&0"%)*C,+,)* #'=*+#/E3')* 8,9,* ABB^,* .%;*1234* ";';* &F*

9"66."-*,+6%$( 6%-%:5$5"%* ;'D&=;1* E%;* =;GE#* B* F#EE?* #D3=* =;1#E0/#1;* #'=*

D#'*J;* F0'DE3&'#GG?* /;$G#D;=*J?* E%;* /#E* 1E;#/&?G>8&!*=;1#E0/#1;*";';,* 6,*

V3&G,*8%;I,*YWMN[[PQ*Y^ARR>Y^ARB,*

50I$;/)* +,)* #'=* :3;$;/E3'";/)* 8,* ABOY,* 5E/0DE0/#G* /;G#E3&'1%3$* &F* J3&E3'>

D&'E#3'3'"* ;'_?I;1,* !D;E?G>8&!* D#/J&X?G#1;* #'=* $?/0(#E;* D#/J&X?G#1;*

F/&I*?;#1E,*90/,*6,*V3&D%;I,*YBNYPQ*Y[O>YRT,*

.%3;=;)*+,!,)*-_&G1)*6,)*#'=*5E/3EEI#EE;/)*4,*ABTW,*8&'1E/0DE3&'*#'=*1;b0;'D;*

&F* D@a!* F&/* /#E* G3(;/* 1E;#/?G* D&;'_?I;* !* =;1#E0/#1;,* 6,* V3&G,* 8%;I,*

YWANYTPQ*A[Y[^>A[Y[M,*



* AAY*

.3'&D&)*6,*ABTY,*@3;E#/?*/;b03/;I;'E1*#'=*F0'DE3&'1*&F*#G$%#>G3'&G;'3D*#D3=*3'*

#'3I#G1,*4/&",*K3$3=*:;1,*YANAPQ*A>RM,*

.&2;)* @,!,)* #'=*+#/E3')* 8,9,* ABBW,* S1&G#E3&'* #'=* D%#/#DE;/3_#E3&'* &F* #* ";';*

#FF;DE3'"* * F#EE?* #D3=* ;G&'"#E3&'* 3'* 9"66."-*,+6%$( 6%-%:5$5"%,* 6,* V3&G,*

8%;I,*YOAQ*ATRA[>ATRYY,**

.o$F;/)* :,)* +#/E3';)* a,)* #'=* 5D%;GG)* 6,* ABBM,* +&=3F3D#E3&'* &F* $G#'E* G3$3=*

1?'E%;131,*5D3;'D;,*YWTQ*WTA>WTW,*

.&0J3#'#)* :,)* #'=* !11;G3';#0)* 6,* ABWY,* S=;'E3F3D#E3&'* &F* 65$>I;E%?G;';>B)A^>

%;X#=;D#'&3D*#D3=*#1*#*D&'1E3E0;'E*&F*D;/E#3'*J#DE;/3#G*G3$3=1,*8,:,*7;J=,*

5;#'D;1,*!D#=,*5D3,*YMRQ*[WB>[OA,*

(#'*@3]2)*:,)*U#J;/)*<,a,)*<3;G)*6,!,)*C;;'%031)*+,)*#'=*(#'*=;/*<G;3)*S,*Y^^^,*

.%;*I;E%?G&E/&$%3D*?;#1E*!"#$%#&'"()*'+,*-)."Q*#*(;/1#E3G;*D;GG*F#DE&/?,*

9'_?I;*+3D/&J,*.;D%'&G,*YWQ*OB[>T^^,*

(#'*:&;/I0'=)*8,`,)*7;EE;I#)*9,7,)*<#G)*!,6,)*(#'*=;'*V;/")*+,)*.#J#2)*7,U,)*
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